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PREFACE. 



Ihs pbesent Intboduction has resulted not from 
theorizing on what may be expedient^ but from long 
experience of what is needful. The author has, from 
time to time, had applications for assistance in the 
study of such treatises on the Conic Sections as those 
of Salmon, Hymers, Puckle, and Todhunten He has 
accordingly ascertained the nature of the difficulties 
that perplex and discourage many readers of those 
treatises, and has endeavoured in this publication to 
provide a first course of lessons and exercises which, 
he thinks, cannot fail of qualifying the young student 
for. reading with intelligence and profit the masterly 
works referred to. Todhunter^s book is especially 
recommended as the most appropriate sequel to this 
Introduction. 

It should be remarked that the name Oonio SecHons 
chiefly refers to the Ellipse, Hyperbola, and Parabola^ 
as curves that can be obtained by means of a right 
cone variously Intersected by a plane. 

LoMDOir: October^ 1866. 
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COOBDIHATBB OF ▲ PoiHT. 

1. In Plane (Jeometay ilie term OrdinaU means one of 
toij number of parallel lines drawn from sacoessiTe points 
in one plane, to meet a straight line in the same plane 
perpendicnlarlj or at anj angle. 

lii the following diagrams, OX and OT are interseoting 
straight lines. The sacoessiTe lines PL, QM, BN, TO are 




O N M L X 



drawn ordmaisly, or in parallel succession, to meet OX ; and 
the lines DB, CQ, BP, OX are drawn ordinately to OY. In 
one of the diagrams the parallels are perpendicular to the 
lino thej meet ; in the other thej are oblique. « 

a. The lines PL, PB, being both drawn from P, are 
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together called Coordinates of that point ; in like manner, 
QM, QO are coordinates of the point Q ; and so forth* 

But the term ordinaie is nsnally restricted to the lines 
that are parallel to OT ; and instead of those parallel to OX 
we nse the equivalent magnitades Ohf OM, ON, which^ as 
being portions of OX eui off hj the ordinates, are called 
dbseisscB^ and each of them an ahsciua. Thus, QM is the 
ordinate and OM the aibscissa of the point Q; and OM, QM 
are the coordinates of that point. 

3. I( in one plane, two nnlimited straight lines, X'X, TY^ 
be drawn intersecting, at anj angle, at the fixed point 0, 
the position of anj other point in 
the plane maj be referred to these 
lines, and expressed in terms snp- 
plied hj them. For a point mnst 
be on the right or on the left of 
YY', or else in the line YT'; and ^ 
mast also be aboye or below X'X, 
or else in the line XCSL Thus, the 
point P is situated on the right of YHT, and above 
X^; that is, it is within the angle YOX; and if the lengths 
of PN and PM be known to be, re8pectivel7, 4 and 8, then, 
measuring 0M=s4f from towards X, and 0N=:8 from 
towards Y, we shall have indicated, bj means of X'X and 
iX', the position of P, viz. that P's position is at the inter- 
section of lines drawn respectivelj parallel to OY and OX 
from the points M and N. 

4i The lines YOY' and X'OX are called the .ixM o/Coon^ 
naie$ ; the former, bj itself, the axis of ordinates, as being 
the line on which ordinates are measured ; the lattw, hj 
itself, the axis of abscisses, as being the line on which 
abscissfld are measured. 

But^ in general reasonings, an unknown or variable ab- 
scissa is denoted hj the letter as, and its corresponding ordi - 
nate bj the lottery ; and therefore it is usual to call the axis 
of absdssn theaxis of 0, and that of ordinates the axis of y. 
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The point 0, where the coordiBates intersect, is called the 
Origin of OoordinateSf becanse we ore to snppose the lines 
OX, 0X^ OY, OY' all to be drawn from ; OX to the 
right, OX' to the left, Y upwards, OY' downwards. 

The coordinates are called Bectaaigtdar or Oblique^ accord- 
ing as thej do or do not intersect at right angles. 

In the following part of this introductory treatise, we 
shall always suppose the axes to be redangtdar, 

& The position, then, of P is known, if OM and PM are 
known. Snppose that the lengths 
of these coordinates are, respec- 
tivelj, a and h ; we characterise 
the position of P thns,»ssa, y^h^ 
which are called equations to the 
point P. 

For shortness, we often speak 
of the point (a, &), meaning the 
point which has a for the leng^ 
of its abscissa, and h for that of its ordinate. So, the point 
(4, 3) means the point whose coordinates are flsss4, ys8. 

6. Snppose it is required to determine the g^metrical 
position of the point (—10, 7). 

Here, since 0sa— 10, and ^as7, we take OS^ v^pward 
from the origin, and OL=10 to the Uft of the origin ; and, 
completing the parallelogram OB, we obtain B, the required 
position, which is within the angle YOX'. This procedure 
will be readily understood by the student who has read 
Chap. I. of the Author's Treatise on Trigonometry. The 
point being the fixed origin of coordinates, an abscissa 
measured to tiie right of 0, yiz. along OX, is accounted posi* 
tire ; one measured to the left of 0, viz. along OX^, is there- 
fore negative ; and, in like manner, an ordinate measured 
upwards from 0, along OY, being accounted positiTe, one 
measured downwards from 0, yiz. along OY', is to be 

accounted negatiTC. 

b2 



4 OOHIO SEffnOSS. 

Suppose tbe absolute nuignitade of OLasthat of OMa 10« 
and iihe absolute magnitade of OKsihat of 0Nxs7 ; ibeii, 
acoording to the above conyentioiial nnderstaading, the 
point P is (10, 7), Q ia (10, -7), B is (-10, 7), S is 
(-10.-7). 

If a point whose abscissas a be sitoated on tbe line OX, 
then the equations of the point are arsso, ynO, or tbe point 
is (o^ 0). And if a point whose ordinates^ be situated 
on OY, the equations are 0=0, y»i, or the point is (0, V). 
If the point be situated on both axes, it is, of oonrse, their 
point of intersection, Tia. the origin, whidi is characterised 
hj the equations ffsO, ysO. 



Equaiiov to THi Straight Lzni. 

7* If OMaso, and PMs5, the coordinates of eTorj point 
in the unlimited line OP are in the ratio of a I i. Thus, bj . 
^wiiifty triangles, 

PM QL RN J «,«««jwy i ^ »«. 




where it should be obserred that - is an expression for 



the tangent of the angle which OP makes with the axis of 
m m iUponiive dureeUan, that is, of the angnlar distance of 
OP from OX measured towards OT. 
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For the prolongaiioxi of OP downwards, if OM' be taken 
s - a, then SlC'ss -&, and tlie tangent of S'OX'b^b - s 

tan POX. 
It appears, then, that the equation yss-x is satisfied by 

evexy point on the nnlimited line S'OB. 

If OM'as— a, and SM's=:5, the coordinates of every point 
on the nnlimited line OS are, as regards absolute magni- 
tude, in the ratio of a I & ; but if the expression for the 
ratio is to include reference to the line's position, we must 

now write ^a or«- - , that is, ysse 0; which sifi:- 

X —a a a 

nifies that the tangent of the angle which SO makes with 
the axis otx^mtho positive direction (viz. of the angle SOX, 

not SOX'), is =-5. 

a 

For the prolongation of SO downwards, we have OM=a, 

andP^sB»5 andthetangentof FOXss— or— ^, s tan 

a a 

SOX. 
It appears, then, that the equation yss-- - is satisfied 

by eveiy point on the unlimited line POS. 

8. To find the general Equation to alStraight Lme^ refeneA 
to reotangtUar axes. 

The position of a straight line in relation to the axes is 
determined, when we know the inclination to OX of that 
part of the line which is above X'X, and also the distance of 
the line's intersection with YY' ftom the origin 0. 

In the last article we found the particular equation 
characterising a straight line that intersects with TT' at the 
origin. That equation may be written yssmx; where m 
denotes the tangent of the line's inclination to OX in ilie 
positive direction. 
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Bail now, let AT be a 
straight line, of indefinite 
length, meeting the axis of 
yatB. 

Draw OF, through the 
origin, parallel to AT. In zr 
AT take any point Q ; and 
draw QM parallel to OY, meeting OX at K, and OF at P. 

^»tanFOX; /.PM^OM tanFOX; 

QM=PM+PQ=rPM+OB ; 
.*. QM=OM tan FOX+OB. 

Hence, if OB, which is called the iniercipt on the axis of y, 

be giyen in length =0, and tan FOX, or tan TAX, atem, 

and if the coordinates of the point Q be 0, y, then the 

equation to the straight 

line AT wiU be v 

T 

yasffUB-fO. 

Suppose the line AT 
still to cut the axis of y 
aboTe X'X, but to make ^ 
the angle TAX obtuse; 
then the teaigent of that 

angle will be negative, and m in the above equation stands 
for a negative quantify, being still positire. 

Suppose the line AT to 
eat the axis of y below X'X, ^ 

and to make the angle TAX 
acute ; then we have QMvai 
PM-PQ=PM-OB, 
ot^QMspOM tan FOX-OB; 
and in this instance the sjm- 
Ixd m stands for a positive 
quantiij, and s for a nega- 
tive. 

Lastly, suppose the line AT.to Cfut tbe«xis of y below X% 
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and to make the angle TAX ob- ^ 
tose ; we shall tken have m and p 

botli standing for negatiye ^ 
qnantities. 

Thns, then, if the absolute £ 
magnitade of m^ in each of the 
particnlar cases snpposed, were 

^- . and that of were «sf», 
a 

the fonr yarieties of lines would be represented as fol- 
lows: 




(L) yaa-«+n. 



m.) y=:-»-n. 

Or 



(ii.) yss «+». 

Of 

(iv.) ya-^ 'X^n. 

Of 



60 long as the same straight line, nnrestricted as to 
length, is considered, the qnantities m and represent 
definite magnitades, and are therefore called condcMU; 
while fl», or y, is arbitnuy, and maj have an indefinite variety 
of yalues, to which y, or x^ will hare the same Tarieiy of 
eorrespandifig values ; the symbols and y^ therefore, arvi 
called variables. 

9m Observe how the general equation 

ysimx-irC 
provides for the following cases : ^ 

If the line pass through the origin of coordinates, then 
essO, and the equation becomes 

yssm a;, as formerly found. 
If the line be parallel to the axis of jb, it makes no geo* 
metrical <mgle with that axis ; then maeO, and the equation 
becomes 

which signifies that the ordinate of any point on the line 

is as6. 

If the line be parallel to the axis of y, then, when Che 



ooMio ncnoixa. 



waaBB are redaagolar, m ib the tangent of a right angle, and 
is therefore infinite, and the required line will not oat off 
anj inteicepi from the aada of y» so that c also is infinite, 

itLTe or negatiye, then •?, whioh 



and if a be anjal 

I* 

is also infinite, is eqniralent to m; we shall thus have 
ywB^m+Cf or l^ss«+a^ or Os:fli+a» 

A 



hence^ as a may be positiye or negatire, the equation will 
be 

which signifies that the abscissa of anj point on the line 

IS SBO. 

The case, howerer, of a line parallel to the axis of y is 
Tery simplj investigated by itself. For we need onlj say. 
Let abe ihe abscissa for <ms point on the required line, 
and m the abscissa of any point on the line ; and we have 



X0> 2%s Equation to a Straight Lme thai makes inUreeptM 
on the axes may he expressed in terms of the intercuts. 

Let AB be a straight line cutting 
the axes at A and B ; and let the inter- 
cepts OA, OB be respectiyelj equal to 
a and 5 ; then ffi^ the tangent of B AX, 

s— -, andosOBssi; and the equa- 



tion 



ysszmx'-^c 




becomes yss ^^m^h^ or - x + ytah; 

then dividing by h gives 

-+|al, the required equation. 

U. It has now become evident that any straight line 
can be represented by an equation of the first degree. 



XQUATIOM TO THE SIBAXOHT UNS. 9 

We can prove also that an j equation of the first degree 
will senre to represent a straight line. 

For, an equation of the first degree being one into whose 
simple form there does not enter any power of an nnknown 
quantity higher than the first power, or any product of un- 
known quantities, the general form of the indeterminate 
equation of the first degree is 

A0+By+CsO; 

where A, B, may be finite or zero. 

C 
When A is sero, we have B yss— 0, or ys— _; which, 

as we haye seen, represents a straight line parallel to the 
aods of «• 

WhenBis'zerOyWehayeAsss— G,or«s=s— •^; which, as 

A 

we have seen, represents a straight line parallel to the axis 

ofy. 

If B is not zero, then, dividing by B, we hare 

AC AC 

^»-l-y+5«0, or, y«-g««^. 

which, as we have seen, represents a line meeting the axis 

Q 

of y at a distance =s — ^ firam the origin, and making with 

A 
OX an angle whose tangent is = — q. 

Therefore the equation A «+B y-JTOsO will always 
senre to represent a straight line. 

i2« The following statements should now be distinctly 
understood; 

The equation to a line is one that expresses an invariable 
relation which is satisfied by the coordinates of every point 
on the line. 

The word locus (plural loeC) is used to signify a lineal 
common-place or path, the coordinates of every point of 
which have the same ratio. 



10 <x>iiio sicnoHS. 

A line, whether shuight or eurred, is called the loeui of 
a ^yen eqiiatioiiy when the coordinates of ereiy point on 
tlie line satisfy the equation. 

13. It will now be a nsefnl exercise for the stadent 
to draw the straight lines represented bjr a few giyen 
equations. 

JBxampU (1). It is required to draw the straight line 
irhose position is represented bj 2x^&ytm7. 

Itt MMod, Make the given equation assume the form 

yszma+e; 
nrhich is done bj diriding bj 5 and transposing ; thus. 

Here we hare mss|>= the value of the tangent of the angle 
which that part of the required 
line which is above the axis of ai 
wiU make with the axis of » pro* 
duced in the positive direction. 

Firsts then, draw the rectan- 
gular axes X^X, YT^ ; make PM 
perpendicular to OM, so that 
OM : PMas5 : 2; and join OP. 
The angle POX is that of the required line's inclination *to 

PM 2 
OX, because the tangent is s_. =:_ Now, any line pit* 

raUel to OP will have the same inclination to OX But the 

required line is to make on the axis of y tknegatwe intercept 

vrhose absoluteilength is {-. Accordinglj, measuring OB =|> 

downwards from O, and drawing through B a line parallel 

to OP, we have AB the required line, making with OX the 

OM PM 2 
positive angle TAX, whose tangent is » j77=?yw>»i* 

,2nd Method. Make the given equation assume the form 

fwhi6h is done by dividing by 7, and then putting the 
coefficients of gand y in the form of divisors; thus, 
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2««5ys7 will beoome |a*|yBl ; 



OP, 



2-2-1- OP ?+JL=i. 



If we take, iherefope, from OX a positiTe absoissa, OA, 
wliose absolute length is -j^, and from OT^ a negative opdi- 
nate, OB, whose absolute length is {, we shall have two 
points A and B on the required line, which are, of course^ 
sufBlcient to determine the position of the line. 

Srd Method, Firsts suppose ys:0, and then find the corre- 
sponding value of Xf to be used as an abscissa ; secondlj', 
suppose «ssO, and find the corresponding value of y, to be 
used as an ordinate. 

For, since the equation 20*-5y^7 represents a line of 
indefinite length, one point of the line will meet the axia of 
a, and then, y being ssO, we have 

2s— Os7; or, «a=J; 

also, another point of the line will meet the axis of y, and 
then, being ssO, we have 

0—5^87; or, y=:— J. 

Note. The 2nd and Brd methods are inapplicable in sncli 
a case as 0— 2y8S80. 

Ex, (2). Draw the straight line y— 0v^2=x{« 

Here, suppose «=0, then yss6 ; 
therefore take the positive ordinate 
0B=6. 

Again, suppose y=0, then 0as 
— 5-f- V2s:— fv^ ; therefore take 
the negative abscissaOA=:^(5 ^/ 2), p 
which is convenientlj done thus : 
make OMssOBs 5 ; draw MD per- 
pendicular and equal to OM, and produce it to P, so that PM 
may be equal to the hypotenuse 0Dss5 a/2 ; then OA^ 
^PM« Hence, to draw the required line, join AB. 
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EXIRCISKS [A]. 

Draw the lines represenied hj the following aqnatiooit 
1. 89-2^=4. 2. 0+8s4y. 

3. 4B+5y86. 4. y^-ixsiS. 

5. &l+4ry+5a:0. 6. «+ys=0. 

7. «-/8-y=8. 8. «s-2. 

»• l»+f=iy- 10. 6y+«^/6+VlO=0. 

Pbobiams Qir TBI Steaioht Lnn. 

Z4. To find the EquaiUm to a Btraigld Lme ihai $haUpa$$ 
ikrough a given pami (p/, yf)^. 

Taking m and y as the ooordinates of an indeterminate 
point on the linOi let the line be represented hy 

ysrnw-fC. (1.) 

The giren coordinates a/, / must satisfy the general 

equation; therefore, 

^iszmaf^c. (2.) 

henoe^ eliminatjug c hj sabtraction, we haye 

y-'j^szm (»-a/), (8.) 

which is the required equation, and which may be written, 
if we choose, in the form of the general equation, thus : 

where m is perfectly arbitraiy. 

It is evident that the required equation must reject either 
fn or o; for it is in general impossible to uraw a straight 
line through a given point so as to meet the axis of y at a 
proposed distance c ftam the origin, and at the same time 
make with the axis of a proposed angle, tan^^m. 

If we choose, m may be rejected and retained. Thus, 

from equation (2) ire have m a ^^^^t which will convert 
(1) into the required form 

ysJL^2m+c. 

* OivMi fwwrtinslae of a point «• nrf oftaa oipiMMd 1)j Um lottcn 
M sad jf sooHiteda 
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18. To find the equaHan to a itraigJU Una thai §haU jpam 
through two gwon points^ (a/, y') and (a^\ f/"). 

Here we can aflsnme the eqnationB (1), (2), (8) from the 
preoeding axiude : 

ysLma-he^ (1.) 

y'ssmoZ-fc, (2.) 

y-y' =:«*(»-»') (8.) 

(8) repreflenting a line that fulfils one of the oo&ditioiifl 
now proposed : that is, a line passing through the point 

The line, however, is also to pass thxongh (o'^, y''), and, 
therefore, 

y''«m a/'+o. (4) 

Subtnu>ting (2) frx>m (4t) we have 

y^-y'smCa^-a/), 

whence, m«^£^; 

lift being thus no longer arbitnuy. 

Snbstitating in (8) the value of m jnst found : 

is the required equation. It may be written, if we ohooee, 
in the form of the general equation, thus : 

If we suppose a/'bo/, the line will be parallel to the axis 
of y; for the tangent will be *° /T ^> ^ ^ tangent 

of aright angle. 

If we suppose y^'^y', the line will be parallel to the axis 

of 0; for the tangent becomes sa^ — v^^' ^ ^^ tangent 

of the trigonometrical angle which OX' makes with OX 

If we suppose o/sO, y'seO, we make the point (a/, /) the 
origin; for which case die equation is reduced to the simple 

form y=^ 
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16b To find the equoHon to a ttraight Um whick $haJl pa$$ 
through a gvoon poini^ and ho parallel to a given etraighi 



liot the giyen line be represented hj the equation 

y=f»'»+c', (1.) 

wliere mf and e* are known ; 
and let the equation to the required line be 

yssmw+e^ (2,) 

where m and o are not known* 

Then, aince the lines represented bj these equations are 
parallel, they must have the same inolhiation to OX, that is, 
mssfit'; ihns the second equation beoomes 

y«m'»+c, (3.) 

where «, the intercept on the axis of y, remains indeter- 
minate, because an infinite number of lines may be parallel 
to a giyen line. The equation, in effect^ asserts that it 
matters not what the intercept on the axis of y may be, 
proYided the tangent of the inclination of the given line to 
the axis of 9 be also the tangent for any other line we may 
draw. 

Bat^ if the parallel be restricted to pass through a given 
point (af^ /), then 

y'^mfaf'^ei (4.) 

Hence, subtracting (4) from (8), we have 

y-y'=m'(»-a/) (6.) 

which is the required equation. 

17* To find an eaopression for the tangent <^ ^, the angle of 
tniereeeUon of two given straight Unee. 

Let AA' and CO' be the two given 
lines, intersecting at P. 
Let the equation to AA' be 
yssmfx-i-i/ 
and the equation to CCK 
yssmf'x^tf'; 

m' is the tangent of the augle PAX; ^ 
m'' is the tangent of the angle POX 
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Now, tan APC=tan (PCX-PAX) 

_ tan PCX- tan PAX ml'-m' 
""i+tan PCX tan PAX* 1 + m'm" ' 

•*• tan of snpplement ATO s -s — ^ . ^ , 

Henoe, the required expression is tan ^ s^..-^, , 

according as tbe angle is to the left or the right of CC. 

When the lines become parallel, the tangent a 0, and 
therefore the numerator in the above expression s; 0, that 
is mf'^mf. 

In order thai the angle of interseeUon may he a righi.cmgle^ 
the temgent = oo, and therefore the denominator in the 

aboye expression «■ 0, or faW= —1, or »''=— -,. 

WW 

Hence, y = x^ o" 

rsejNresents a line perpendicnlar to. a given line whose posi- 
tion is expressed bj y^atmlx'^if. 

Of conrse, there are an infinite nomber of such perpen- 
diculars. Two lines intersect at right angles whenever the 
coefficient denoting the tangent in the equation to one line 
is the reciprocaJ, with a contrary sign, of that in the equa- 
tion to the other line. In the next problem we fix one of 
the lines bj the condition of its passing through a given 
point. ^ 

18. To find the equation to a etraight Une thai ehaUpase 
thfr<Mgh a given pointy and be perpendicular to a given etraxghi 
Ime, 

Let the coordinates of the given point be »\ /, and let 
the equation to the g^ven line be 

ysm«+6« 
The equation to a line through (a/, /) is of the form 

y-y =ia' (a-a/); 
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and if tliis eqiiatioa is peipendioolar to ibe finrmer, than 
m'ss. — , and the required eqiitttion ia 

19. 7^ find the equaiUm io a gtraight Uns thai pas$e$ 
through a gifoen point (a/| /) , and mdkei a given angle f wiih 
a given etraight Une. 

Let tiie eqiiAtaon to tlie given line be 

y=ms+o; (1.) 

ibe equB&m to tbe required line pasaing tbroogb (a/, jf) 
win be of ibe fimn 

y>/sm'(0— oO- (2-) 

By ajrt 17, we bave tan ^= ± ^1|^,; 

banco. «^- ^^^» or ^-*-^» ; 
I+wtanf 1— f» tan f 

tberefore (2) beoomes 

Eikber of ibe equations (8) and (4) will be the one re- 
quired ; for generally tbrongb a given point two straagbt 
lines can be drawn, making a given angle witb a given 
straigbt line. 

Note (1). Wben m b 0, tbe given line is parallel to tbe 
ans of « ; tben tbe required equations are 

y-y'sitan^Ca-o/). 

IfoU (2). Wben m ■■ oo, ibe given line is parallel to ibe 
ads of y. For ibis case, dividing numemtor and de- 
nominator of J^ , ^ - byniywebave 

1— w tan ^ "^ 

1 4. ^5i 1 ^^± 

m ^00 ^ 
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Similarly, .*'*"" J^ t becomes =s -JL_. 
. lH-i»tan^ tan^ 

Then the required equations are 

^-.^^84- cot ^ (a— a/). 

NoU (3). Dividing numerator and denominator bjr tan ^ 
we have ^^^ ^ wbioh, when ^ is a right angle^ ia 



tan ^ 






4+« 



1 



as found in aH 18. 



m 



±1 



— — Xm cot^ 4- m m 

tan^ **" 

the cotangent of a right angle being sero. 

20. To expresi ihe diiianee hekoeen iufo jpamU tfi Urmi of 
iheir coordinates. ,Y 

Let P and Q be two points whose 
coordinates are given. Let the co- 
ordinates of Q be a/, y', and let 
those of P be a/', y". Join PQ ; 
from P and Q draw PM, QN parallel 
toOY, and draw QB panOlel to OX 

We have PEQ a right angle ; therefore (by Euclid, L 47) 

PQ«=:QR«+Pa«. 

Now, QB=:OM-ONa:»"-a/; and PB=PM-QN= 
y"-y' ; hence PQ*=(a"-a/)» + (/'-y')« ; 

whicb determines PQ. 

And here it sliould bp observed, that, as only the abso- 
lute length of PQ is required, we need take no notice of the 
double sign ± that would distinguish the algebraic roota 
of the value of PQ*. 
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If the point Q were at the origin, we ahonld haTea/vO, 
y'ssO ; and then 

PQ««(a/'-0)H (j^-0)«=«''«+y"». 
And, if Q were on the axis of 0, and P on that of jf, we 
should hare a/'sO, y'sO ; and then 

PQ««(0-a/)«+ (y"-0)«=«^+y"«. 

Again, let P and Q be two points ; 
let the giyen coordinates of Q be 
—a, h, and let those of P be ik, k. 
Then, the expression for PQ*, cor- 
respondingto that found aboye, will 
bePQ«={^-(-a)}«+(«j-6)l, 

21. To determine ihedtstoMce of a gwer^paini from a gi^ 
etraigJU line. 

Let P be the given pointy and A3 the giyen line ; it is 
required to detennine the length 
of the perpendicular PB. 

If th^ coordinates of P be A, A;, 
and those of B be 0|, ^i, tiie ana- 
lytical expression for tiie length 
ofPBis 

PRt=(aij-*)i + (y,-A;)«;(l.)f 

Let the equation to the giyen 
lineAJBBbe 

yssmx+e; 
thea the equation to PB^ perpendicular to ABB, is 

m 
and, as B is a point common to both these lines, we haye 

y,-ifi«,+o, (2.) 

yi-*«-k«i-A). (3.) 

m 
ilnltiplTing (8) by m\ and then adding (2), we haye 




whence, y i = — — — , — . 
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Multiplying (2) and (8) by m^ and then snbtraotmg, we get 

in^ss(l4-m*)aj,^&+mo; 

whence, aji=s — -i — . 

Hence, by substitation in (1), 



=c 



l+m> 



m' 



/•PBoB -Z- — Z^ , the expression required. 

The positiye and negatiye values of the denominator refer 
to the ambiguity of the direction of PB, as P may be on 
either side of the given line ; but, as only the magnitude of 
PB is required, the denominator may be taken with the sign 
that will give a positive value for PB. 

aa. We shall now sulrjoin a few Ezamples and Szeroisea 
)n articles 14-21. 



EXAMFLBS. 

Bx. (1). Draw, and represent by an equation, the s 
line passing through the points 
P, Q, which are (—4, 5) and 
(7, — IJ), respectively. Knd 
also the length of PQ. 

TakeOM,PM,=4i,5;ON,QN, --Ji 
s 7, H ; the line PQ, indefinitely ^ 
produced, is the line required. 

"From art IS, we have 
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which giT68 lSiB+22yss58, the required equation. 
The equation determining the length PQ ($ee wet, 20} 
is PQ«=(-.4-7)»+(5+H)« 
«121 + 4*=««f » ; .% PQ=t^658. 

- Bx. (2). What will be the equation to a straight line 
passing through the point (21, 7) at right angles to the line 
y — S9s24 ? 

{See art !&) We hare here 0^8=21, y's? ; and since the 
given line is represented bj ytssSx + 24^ we haye maS. 
Hence, y-7=— i (»— 21), or 8y— 21«-»+21, 
gives 0-|-dy«B42, the required equation* * 

JSb. (8). Shew that the straight lines 

404>8y»6, 5«+4ry=7, 2»-.ya8, 

intersect at one point. 

Here^ bj means of any two of the given equations, we 

can find values of and y satisfying both. Take the 1st 

andSnd: 

5«s=7— % 
4ess6-8y 

B;f subtraction, 0sl— y 

.*• 5(1— y)s=s7— 4y, or yas— 2, and 1— ysr0s=8. 
Therefore, the coordinates of the point of intersection of 
the 1st and 2nd lines are 0ss8, yss ~2 ; and these will be 
found to be coordinates of a point on the 8rd line also ; for 
20— y=6+288. 

E», (4r). If the line y3=fti0+7 pass through the inter- 
section of the lines ysB20+6 and 8ys0— 7, what is the 
magnitodeofiiiP 

8yBB60+18=0— 7, or 0cs— 5, 

20+6Bsyss— 4; 

hence, 1110+ 7= —4^ 

that is, — 5m+78B— 4; or, mssy. 

JBSsB. (5). Knd the distance of the origin of rectangular 

eoofdinatea fiom the line - + f sL 
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The given equation may be put in the form 

where we have mss • hence, applying the result found 

in art 21, wehareAsO, ikasO, osb; and 
therefore 

Bs—a6-i-V'(a>+5«); 
or the magnitude of the required distance is 

ab 

Note. Since the triangle OABs^ the rectangle OA'OB, 
and alBOss^ the rectangle AB'OB, we have AB'OB= 0A*OB ; 

but OA»a, QBs&, and ABs^(a*+&*) ; 
hence, OB ^/{a} + 5') »a& ; and OBso^-h v^(a* + &«) ; which 
verifies the formula. 

Ex. (6). What points on the axis of x are at a perpen- 
dicular distance a finom the line 

a 

Take OAssa, OBssft ; then AB 
is the given line. 

Let PD, P'E be the perpendica- . 

lar distances of AB from OX, and 

each sa, n 

AB-s ^(a* + 5*) ; also, by similar triangles, pf^^^^t 

whence, APas |^/ (a«+ 6«). 
Therefore, the abscissa of the point P, bOA + AP, is 




OONIO fiEOnONfib 




azid,MOFis on the negatire side of O, therefore the abaciflsa 
of the point F, sOA-AP, is 

JSs. (7). Tho ooordinates of a point P are 4r and 10, and 
tlioee of another point Q are 17 and 
5 ; find the coordinates of a point B 
in the straight line PQ, making 

FB: QB::3:4 

LetflSy y he the coordinates of B; 

ML : NL :: PB : QB :: 8 : 4; 

ML «-4 _ 8 . ^ Q. 

Kl"i7=5'"}'-*""^*- 

Again,PQ:QB::7 : 4:: HP: KB; /. KB=4HP= 
4(10-5)=2f ; hence yaKB+QNas2|+53s7f 
Therefore the ooordinates of B are 9^1 7f . 

Ex. (8). lind the area of a triangle, the ooordinates of 
its angolar points being 8 and 9, 
13 and 21, 23 and 12, for A, B, G, 
respectiTely* 

Here we haye OL, ALs 8, 9 ; 

OM, BMb:13, 21 ; 
ON, CN«23, 12. 
Area of trapezium LABM 

=i(AL+BM)LM= i(9+21)(18-8) « 75 
Area of trapesinm MBCN 

-iCBM + CN)MN« J(21 + 12)(23- 13)=165 

/• Area of LABGN»240 
Area of trapeaum LAGN«Kd4-12)(23-8):=:157i 

/• Areaof ABC« 82j^ 

JSEs. (9). Giyen BO, the base of a triangle, s a, and the 
difference of the squares of its sidess(2*, to determine the 
looBS of the Teortez. 
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Take the base as the aads of «, and its middle poini 
as the origin ; and let the 
ooordinates of the vertex A be 
andy. 

BA»»BDH DA««(ia-«)»+y«, 
AC««DO»+DA«=(Ja+«)«+y«; 
hence AC*— BA» = 2a»o=<«« ; 

This is the equation to a straight line parallel to the 
of y (see art. 9). Therefore the locus (eee art 12) of the 
vertex A is a perpendioolar to the base, at the distance 

^ firom the middle of the base. 
2a 

Ex, (10). Find the equations to the diagonals of a qnadri* 
lateral whose sides are represented bj the equations 

Take 0A=:8, AP=:8, AQ=5, AB«9 ; join OP, OQ, OB ; 
draw QB parallel to OA, and join PE. Then OPQR is 
the quadrilateral; for PQ is the line «bs8, 
also QB is the hne y ^5, OB is represented bj 
y ssdx^ and OP by yssx. 

~ ^ ^lerefore, the coordinates of B are If, 5, aud 
viiose of P are 8, 8 ; hence the equation to the 
diagonal PB is 

or y-5=-.}(»-lf), or 2y-10=:-8«+5, 
which gives 2y+ 80^1580. 
Also, the coordinates of are 0, 0, and those of Q are 8, 6 ; 
hence the equation to the diagonal QO is simply 

dyss&x. 

Sx. (11). Shew that in the figure to Eudid, l 47, the 
lines BK, CF, AL meet at one point. 
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Take A as the origiii, AB, AC, pro- x 
daced indefimielyy as the axes of m 
andy. 

Let ABsa» AC«:(. 




' TheeqnationtoBOisvBs— -0+6. 

a . 

Theequatioii to AL, passing through 
the origizi, perpendicular to BOy is ya8?flk (1) 

The equation to BE^, passing ihroogh the points (—6, () 
and (a, 0), is y-d=?^(»+J). 



( db 



(2) 



The equation to CF, passing through the points (0, h) and 



(8) 



(a,-«).i.y-J==^«-0). 

or, y»-£±^«+i. 

We are now to shew that the lines (1), (2), (8) intersect 
at one point. 

The values of and y satisfying (1) and (2) will he the 
coordinates of the point of intersection of these lines, and 
can be found thus : 

=-«■»— —s«+ — =• ; or. f - + — 



b , ab _/«.6\ oh 

yaa-.as «+ -; or, I rH . )»= = ; 



a +^'^^ ^ss.ab; whence g»» ^ ^ ^^ > 

a ^ a*6 

Substituting this Talue of jf in (8), we shall have, if the 
three lines intersect at one pointy 



or, «s 



a*+ai+&« 



5« 






EXJBBCISIS [B]. 

1. Draw ihe straight line passing thronglL the points 
(3, ^5) and ( — 5, 2) ; and represent it by an equation. 

2. Draw, and represent bj an equation, the straight line 
passing through the points (0, —12) and (11, 7). 

8. What are the equations to two straight lines, one of 
which passes through the origin, the other through the 
point (13, 4), and both of them parallel' to another line 
whose equation is 7y — 39 ss 36 P 

4. Draw, and represent hj an equation, a straight line 
passing through the point (5, —1), and peipendicular to 
the line 3y + &b^4. 

5. What are the equations to the straight lines passing 
through the point (5, 30), and each inclined at an angle of 

60^ to the line ^ 4- ^bIP 

6. The coordinates of a point.P are 5 and - 4, and those 
of another point Q are — 7 and 12. What is the length of 
the straight line PQ ? 

7. Find the distance between the points (—12, 15) and 
(16, 36). 

8. Shew that the three lines 

y=s9+l, 2yaB3«+18, 3ys20— 13, 
meet at one point. 

9. What number for m, in the equation j^s— ms+S, 
would make that equation represent a line passing through 
j^e point of intersection of the lines 

y=^+3, y=6»— 12? 

10. Find the equation to a straight line which passes 
through the orig^ and also through the point of interseo- 
tion of the lines 

6«+7y+2=:0, 7a+9y-l— 0. 

11. The angular points of the triangle ABO are (*-21, 
-25), (5, 26), and (46, 0). Draw the figure, and find the 
area of the triangle. 

12. ABO is a triangle : suppose the points A, B| 0^ to be, 

c 
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xwpectiye\j, (17, 20), (44, 83), (51, 8) : Fmd the Mtta (xT 
the iriangla. 

13. OPQ is a triangle: Takethepoint as the origin of 
oooirdinates ; then 

(i) Express the area of the triangle in terms of the co- 
ordinates of P and Q. 

(iL) Sappose the points P and Q to be respectivelj (5, 12) 
and (12, 9), and find the lengths of the three sides. 

14. Find the points of intersection of the straight lines 

0+3^8=11, 2»+V»12, &B+2y»16; 

and shew that the area of the triangle formed hy joining 
these points is 82^. 

15. The coordinates of A, B, C, tho angular points of a 
triangle, are, respectiTclj (3, 4), (8, 9), (10, 6). Find the 
equation to the line DE joining the middle points of AB 
Shnd BG. Find also the inclination of DE to AG. 

16. Find the equations to the diagonals of the rectangle 
formed bj the four lines 0=0, s a', yss(, y=h\ 

17. Oiren 4yss3a^ and 0=12, the respective equations to 
OP, PQ two sides of the parallelogram OPQB ; and 12y 
ss232, the equation to the diagonal OQ : Find the equations 
to the other sides and diagonal ; and also the area of the 
parallelogram. 

18. ABCD is a square, the rectangular coordinates of the 
points A and G being (2, 3) and (3, 5) : find the equations 
to the four sides. 

19. Find the equation to a straight line bisecting P, the 
angle of the triangle OPQ ; the equation to the side 



OP being 5y:= 12a}, and that to PQ being ^^+|-1. 

24 7 

20. In the figure of Euclid, I 47, if EH and FG be pro- 
duced to meet at P, and PA produced to meet BO at B : 
shew that PB is perpendicular to BO. 

21. It is required to determine the sides and angles of 
the triangle AJBC, the base AB and a perpendicular to it 
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through A being assnxned as the axes of and y, and tLa 
equations to BO and AG being, respeotiTelyi 

yBffUB+c» yszmfx. 

Equatioh to thx Cibclb. 

23. We are now passing from the consideration of recti- 
liiioal to that of cnrvilineal loci ; and begin with the circle^ 
as the simplest of the regular corves. 

An equation to the circle is one of which the oircamfer- 
ence of a circle is the locos. 

Now, the ciroomference of a circle will eridentlj be cha- 
racterised bj an expression denotbg 
that eyeiy point in the corve is equi- 
distant fI^om a fixed point. If, in the 
annexed figore, OF«OF'=OF", 
andtheaocented letters denote socces- 
sive positions of the point P, then the 
locos of P is the circumference of a 
circle ; and if be the origin of coordinates of P, we have 
the sum of the squares of the coordinates constant!/ equal 
to the square of radius. Hence, if be the radius of the 
drdsy 

is an equation to the oirde implying the centre to be the 
origin of coordinates. 

24^ Let us taike for the origin of coordinates any point O 
in the plane of the circle. 






Let C be the centre of the circle : its coordinates ON^ 

c 2 
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NOsi; ftnd let P be anj point on the oircinnference : iti 
ooordinates OM:=a, MP=y. Draw CQ parallel to OX 
Th6nCQ80M-0N»«-a; PQ^PM-CN^y-k . 
B7EUCLL47, CQ«H-PQ»=:CP»; 
thatifl, (»-«)«+ (y-.5)«=o«, 
or, b7 dereilopment^ 

whioli is the general equation to the oirde, referred to xeo- 
tangnlar axes. * 

Wlien the origin is a point on the 
circnmierenoei then 

ON«+N(?-OC»-c«,ora« + l»-c»-0; 
and the general equation gives 

If OX ooinoide with CQ, and the 
origin be on the oircnmferenoey the 
centre will be the point (a, 0), 
and a will be ^me^ and /.a*— e*3=0 ; then the general eqna- 
tiong^res «*4-y*— 2a«s0. 

If OY coincide with NG, and the origin be on the dream* 
linrenoe, the centre C will be the point (0, &), and h will be 
ssCf and /•5*— e'=0 ; then the general equation gires 

««+y«— 25ys=0. 

But the centre is most frequently taken as the origin ; in 
which case a=:0, 5^0; then the general equation gives 

fl^-f y*s.c*, as in art. 23. 

2& It is evident, then, that the general equation to the 
cixdey for rectangular axes, is of the form 

a*+y«+A»+By+O=0; 
which is an indeterminate equation of the 2nd degree, 
liaving unity as the coefficient of each of the squares of 
m and y, and not containing the product of these vari- 
ables. 

And, converselj, it maj be shewn that the locus of an 
equation of the above form is always the circumference of 
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a circle; although it will include the peculiarities of a 
circumfdrence reduced to a mere pointy and of a curre 
merely imaginary. 

For, making e^+A^ and ^' + By complete squares, we 
may write the aboye equation thus : 

thatis, (»+iA)« + (y + iB)»=i(A»i.B«-4C); 
which, if compared with the form 

will be obserred to represent a circle the coordinates of 
whose centre are — -^A and— JB, and of which the radius is 
iv'(A«+Ba-4C). 

The circumference will be reduced to a mere point, viz. 
the centre, if A*+B^ss4C, for then the sum of the squares 
on the left side of the equation will be zero. It is more 
accurate to say here that the circumference will be reduced 
to one whose radius is indefinitely small. 

The locus of the equation will be impossible if 40 be 
greater than A*-fB> ; for then 'v/(A>+B*-4C} will be the 
square root of a negative quantity, which is merely 
imaginary. 

26. The preceding article indicates an easy method of 
constructing any circle that is represented by a g^yen 
equation. Suppose, for instance, it is required to oonstroct 
the circle whose equation is 

Completing squares with a;'+12» and y*— lOy, we have 

=121 ; 
and comparing this with the form 

(aj-a)« + (2/-5)«=6«, 
we see that a= —6, &s5, csesII. 
Accordingly, the circle will be repr^ 
sented, in magnitude and position, 
as in the annexed figure, where ON 
is taken b6, NCb5, CPslL 




OOKIG 6SCTI0N8. 



TlHOSHT AND NOBMAL TO A GiROlB. 

27* A secant to a circle is a Btraight line meeting the 
eireamferenoe at two points. Suppose ono of the points, at 
which a secant meets the ciitmmference, to remain fixed, 
while the secant turns round that point and shifts the 
second point up to the first, the secant in its limiting 
position is called the tangent to the circle at the first point. 
(See figure to art. 28.) 

The tangent maj thus be regarded as a secant passing 
through iwo coincident points of the circumference ; and this 
consideration suggests an easy method of investigating the 
equation that will represent tiie tangent to a circle. 

28. To find the equation to the tangent at a given foint on 
the circumference of a circle. 

Take the centre as origin, that is, let «*+y*aB0* be the 
equation to the circle ; and let 
m\ y* be the coordinates of the 
point P, on the circumference, at 
which the tangent is drawn, af\ 
y" the coordinates of another 
point Jf on the circumference, 
near the given point. 

The equation to the straight 
line FP is 

Now, a/»+y^asd»; also, af^+i/'^sso^i 

that is, (y'+y")(y-y'0«(«"+O(«"-»') ; 

heDOCi bj substitution in the equation to PP', 

Kow, when the point P, bj the revolution of the straight 
liiie PT round P, has shifted its position on the curve until 




»-/— ?;4^;(»-')- 
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the chord PP boejmes indefinitely small, that is, when the 
point (a/'y y^O coincides with the point (a/, y'), we have 
0"»fl/csO, and y"- y'asO ; or »"=»', and y^'^jf. ; in which 
case equation (2) becomes 

or, the eqnationtothetangentatthepoint P, thatifl^at the 
point (fl/y y'), is 

y-y'^'-fA'-O' (8.) 

y 

It will now be seen that for the case in which af'sza/ and 
y'ssy', equation (1) would have given an indeterminate 
expression, because that equation does not include the con- 
dition of (z\ y') and (a/', y") being points on the ciroum* 
ference of a circle. 

The equation to the radius CP is, of course, 

y' 

compare it with (8) : the tangent number in one is the 
reciprocal, with contrary sign, of that in the other, thus 
shewing that a tangent to a circle is always perpendicular 
to the radius passing through the point of contact. 

Equation (8) may be changed to a simpler form ; for by 
reduction we have 

or, flfSB'+y/=a/*+y'*, 
that is, aaZ+yj/ssc*."* 
This is the form in which the equation to the tangent is 
most frequently referred to. 
When the equation to the circle is in the form 

the equation to the tangent at any point («', y') may be 
similarly found to be 

(»-a)(»'-a) + (y-6)(/-&)=:A 

29. To expreBi the iangetU to a circle in term$ of the 
tangent of (hs angle which tlie line makes with the axii ofm. 

We have seen that the tangent of the angle which QP, 
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the tangent to tlie circle, makea with the axis of a ia 

The equfttion yy'^xJ^c^ 

giTesy=-.p»+ tI (1.) 

and the eqofttion 9^ +y^3Bc' 

g.Tea-5+l=-,,cr. ^-a^/-,+l| 

whence^ bj sobstitation in (1), we liave 



y=-p«+«\/p+i^ 



OTy 'writiii^ m for "■ "7 » . 

y=s»i«+ov'(l4»»*); (2.) 

wLidh 18 the equation to the tangent in terms of the tangent 
of the angle which the line makes with the axis of ». 
Hence, if the general equation to a straight line be 

yasmos-hn, 

then, to determine the condition that anj straight line 
shonld touch the circle, we hare 

or, n*"ic*(l+m*). 

30. To find tJie equation to the normal at amy poini on the 
droumference of a eirele. 

The normal to acur^e is the line intersecting the tangent 
at right angles at the point of contact. 

Let (aff if) be the point of contact of a tangent to a 
oirdle. The eqoation to the tangent is 

The equation to the normal as a straight line passing 
through (a/, yf) is of the form. 

y— y'sBm'(»— «0 ; 

and tiie condition of its being perpendicular to the tangent 
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reqtiires that m' shall denote the reciprocal, wiih oontrarj 
sign, of the m fonnd in the equation to the tangent ; or re- 

qniree thatm's-^^M^; thna the equation- to the nor- 

fH AT 

mails 

or by reduction, vfyszwjf^ or y&s^; 

which is the equation to a straight line passing througli 
the origin, that is, through the centre. 

The equation to the normal is anticipated in art. 28; 
where it is shewn that a tangent to a oirde is always 
perpendicular to the radius passing through the point of 
contact 

31. To find iKe hew of (he middle poitiii of a iystmn of 
pordllel chords. 

Let PF be one of the chords ; a/, y' 
the coordinates of P; and OBf\ if'' those 
of F. 

The equation to PP is 

Now, because P and F are points 
on the circumference, 

or, (fl/'+«')(a^-fl/)=(y'+y'0(y'-/0; 

But the coordinates of Y, the middle point of PP, are 

i(fl/' 4-00 <^d iisT-^y') i BO i^ the tangent of the angle 
which a line througb that point and the origin makes with 
theaadsoftfis 

08 
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isthe reciprocftl, with oontrarj sign, of the tangent nnmber 
in the equation to PP ; hence, the Ideas of Y is a line 
throngh the oentre perpendicular to the chords (Bee Boclidy 
8). 

To find ihe equation to a strtUghi Une thai ehidl touch 
a given etneltfy and pa$§ through a gwen poM external to ihe 



Let A| I; be the coordinates of the gi^en point ; and let 
fl/y jf' (which will presently become known) be the coordi* 
nates of the point of contact. 

The equation to the tangent at (a/, y') is 

and, as the tangent passes through the giyen point (h, k\ 
the equation to the tangent must be satisfied hj the coor- 
dinates of that point ; and, therefore, 

ha^-^h/ssi^ ; which is the required equation ; 
bat the point of contact being on the droumference, we 
hare 

so that t/ and y' are now determined, and will each hare 
two Tslues ; therefore Uoo tangents can be drawn to the 
cirele from the gi^en point; and 

will be the general equation to the line joining the two 
points of contact^ that is, to the chord of ooniaetf as that 

line is called. I 

I 

83. We shall now subjoin a few Examples and Bsceroises 
on articles 23 M. 



EXIHPLSS. 

' Bx. (1). Find the points of intersection of the circle 
i^4.y<B4 with the straight line dx+^^6. 
The 2nd equation giTes 9sb*=:86— 60y+26y*. 
The lit equation gi^es 9a^sS6-0y*. 



Bj BuMraotion, 8%*— 60y=:0; 

benoe, y ==0, or ff ; 
a«2-Jy=2, or -ff. 
Therefore the straight liue meets the circle at the pointB 
(2, 0) and (— -tf* f^) > ^® former of these points being ax& 
extremiiy of the diameter in the axis of x. 

Ex. (2). Find the points of intersection of the oirole 
«i4.yS-.26«-4ry f 73asO with the line 12«+5y=216. 

The 2nd eqn. gives 25y' s 144b* -51840 +4:6666. 
,, 1st ,, 25y>a=-25s* -h 650a}-1825+100y. 

Bj subtraction, 169a}*- 5834»+ 48481 s=l(%, 
that is, from 2nd eqn. ss4320 -24Os0 ; 

hence, 169«*- 55949== -44161 ; 
which gives 13»-lf5i=±«^. 

Accordingly, we hare «=13, or 20iV^ ; 

y=12,or — 5tJtj; 
and, therefore, the straight line meets the circle at the 
points (13, 12) and (20-iVFf -^rir) ; ^^ former of these 
being an extremity of the diameter parallel to the axis of y, 
since the abscissa, 13, is that of the centre, the equation to 
the circle beiog 

(a,-13)«+(y-2)*=10». 

Ex. (3). Find the length of the chord made by the circle 

»«+««=:c« with the line ?+|=l. ^ 

*^ ah 

Let the intercepts on the axes be OA 
«=a, 0B=6i .•.AB«=a«+ 5« ; and OR^ 
the perpendicolar on AB, is deter- 
mined, by similar triangles, thus : 

AB* : OB*::OA» : or*=:.^ ; 

Now, OB bisects the chord, and 

therefore half the chord tatj^ / c* s — 7*.; 

^ a*+6^ 

Athe length of the chord is ^2/^(? ^^. 
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Ex. (4). Eind the equation to the oirde deflonbed on a 
diameter of wHcli the extremities are (a/, y') and (9/% if"). 

Here the ooordinates of the oentre are ^0^+0") and 
i(y'+^')> ^^herefore, 

ar,a^+yt«(a/+a^/)ai-(y/4.y/)y+a/a/'+//'«0; the equa- 
tion required. 

' J^ (5). Given AB the base of a triangle, and the ratio of 
its sidea AP, BPsm: shew that the 
locos of the yertez P is a circle, ex- 
cept when f9issl. 

Take the base AB as the axis of », 
and the middle point of AB as ori- 
gin. Let «, y be the coordinates of 
the Teriex P ; and pnt ABs2a. 

If APssm BP, then AP*sm*BPs ; 

or, AM« +PM««w«(BM«+PM«) ; 

that is, (a+»)*+y««m« | (a-a?)«+y« j ; 

or iw^(»*+y'— 2aaj+a*)=«>+y«+2aa+a* ; 
that is, 

(m«-l)«» + (TO«-l)y«-2(m^ + l)a«+ (m^-1) a«aO ; 

bence, aj*+y«--2-555ilia«+a»=0; 

m'— 1 

wliich is the equation to a circle, xmless mssl ; for when 

msssl the equation becomes fl^+y'— oo+<^*»0; then we 

ahoold haye «sO, and y indefinite or arbitrary, and BP*&s 

yS+a'sAP* ; in which case the locus would be the axis 

ofy. 

Ssk (6). In one plane, the locus of the point from which 
two giyen unequal circles would appear equally large, that 
is^ subtend equal angles, is a circle. 
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Let AO tbe radios of the sxnaller eirole=r, BD that of the 
larger sr', and AB the distance of the centres sa. Lei P 
be a point firom which the oirdes subtend equal anglegj 
▼is. doubles of APO, BPD ; PO and PD being tangents. 




Draw EF a common tangent to the circles, and let it meet 
AB at 0. Take as origin, 0, y as the coordinates of P. 

By rifflilar tri«.gle«, g^j^--^; henoa, if we 



a r—r r—r 

AMos— d, BMssa+d— «, PMasy. 

By nnular trwngleB, ^=g§=^ ; 

that JB. , ('-^\+ y* „^ . 

whence (a^+y«)(/«—r»)-2aj{f^i- •*(<«+ a)} 



:t«(i+a)«— r'W, =0, since d+ass 



a/ 



?-r' 



moreorer, t'^cl— r*(d+a)aa 



on^— o/r* 



sar/; 



which is the equation to a circle, whose centre is on the 
axis of ata point Q equidistant firom the points and P; 

the radiua OQ=PQ»j;^ . 
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EXBBCZSBS [C]. 

L Detemune the radius, and the ooordinates of the 
oentve^ fixr each of the following circles : 

(L) »«+i^«-6»-8y-24=0. 

(iL) «« + y*+2»+4jy— 4«0. 
(iii.) »«+i/-6»-18y+10«0. 
(iy.) a> + y«+«-2y-8J=0. 
2. Find the points of intersection of the cirolea*-f-y*K84s 

(L) with the line 0— y8Bs2. 

(ii.) with the line 294-^^—1. 
8. Find the points of intersection of the circle «* + y*ssl : 

(L) with the line &B—4y8B5. 

(ii.) with the line 5a}+^ss— 5. 

4. I^nd the points of intersection of the line 

(L) with the circle a^+y*-2i0-lOyBO. 
(ii) with the circle 2»*+2y*—8sc+y-45s0. 

5. A straight line parallel to the line ysmo^-f n touches 
the circle (0 — a)'+ (y»()*=e*. Find the equation to the 
tangenti. 

6. I^d the leng^ of the chord which the line 
12y— &ps56 makes with the circle o^+y^ — 4iOs9ssO. 

7. What must be the relation between the quantities 
o^ &y €^ in order that the line -+ t^=^l maj touch the 

oirblecB^+y'se'? 

8. Two circles, whose radii are 6, e', cut one another; 
the distance between their centres being o^ Find the 
coordinates of the points of intersection. 

9. From the equation to the circle, which is the loona of 
P in the 5th of the worked Examples, Tiz^ 
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determine the position of the centre, the length of the 
radina, and the points at which the circle cuts the axis of ». 

10. Shew that the sqnare of half the base of a triangle 
and the sqnare of the line joining the vertex and the middle 
of the base are together equal to half the sum of the sqiuunes 
of the two sides of the triangle. Shew also that, when the 
base and the snm of the squares of the sides are constant^ 
the locus of the rertez is a circle. 

11. Find the equation to a circle whose centre is at the 
origin of coordinates, and which touches the line yssS^y + 5. 

12. Find the equation to the circle whose diameter is the 
common chord of the circles 0*4-y*se* and («<— a)*+y*^o*, 
where a denotes the distance between the two centres on 
the axis of m, 

13. What must be Talue of o, in order that the circles 
(»— tt)*+(y—5)*aa:o* and (»—5)*+(y— a)*s=:o* maj touch 
each other P 

14. Suppose the equation to a circle whose radius is o to 
be afl +y>— 2aBssO, and the straight line joining its points of 
intersection with the line yssms to have a oirde described on 
it as diameter. Required the equation to the latter circle. 
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THE ELLIPSE. 

34. The Ellipse is the locas of a point whoso distance 
firom a given fixed point is always less, in a constant ratiOy 
than its distance from a given fixed straight line. 

Lei S be the given pointy and KK' the given line. Draw 
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SD ]>erpendioaIar to KKf, Let P be a point on the locos ; 
join SP, and draw PM parallel to EE' and PN parallel to 
DS. 

Take D as the origin, DS as the axis of w^ KC' as the 
axis of y. 

Divide DS at A' so that ~^sss—^ s the constant ratio, 

a valne less than nnify, which we may call e. Let DS be 
called jp ; and Istx^yhe the coordinates of P. 

We have SP=6-PN; .-. SP»s:a«PlP ; or PM« + SM«= 
««DM« ; that is, y« + (»-|>)»assV, 

which is the equation to the ellipse with the assomed origin 
afnA axes. 

35. For the point where the ellipse meets the axis of s^ 
we have ysO, and the equation becomes 

but this gives m^jf^s^eg^ or (I7s)fl!»2'i or ss.^ ; 
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signifying that the ellipse meets ihe axis at two points, A! 

and A; so that DA'sb?^, and DA =7^. . 

1+a l-« 

G the middle point of A'A is called ihe centre, and the ex- 
tremities A^ A are called the yertioes of the ellipse. Also, 
the fixed point S is called the focus, and the fixed line KX' 
the directrix of the ellipse. 

36. Let the line A'A82a ; then A'Csso. 
Since A is a point on the locus, 

v,o^-.. SA 2a-A'S 2a-e-DA' 
we naye sasi^ m 1 • 

wenare* ^ 2a+DA' 2a+I)ir' 

/•asod+d'DA'. 
Whence are deriyed the following yalues : 

(L) DA'- ?(1— ); 

(iL) A'S s eDA'»a(l -•) ; 
(iiL) DO=a+DA'-? ; 

(iT.) SO=a-A'S=oa; 
(t.) DS=ji-sDO-SO=--o«=?(l-«»). 

37. Suppose the origin to be at A^ 

In this case A'M takes the place of DM ; and if A'M be 

called a/, then DMsDA'+tv'; that is,0=a/-| a; whence, 

by substitation in the eqiutioii y*+(s— j>)*=e%t', ire Itave 

y»+(«^+? -«---+«)»= {«B'+a(l-«)}*; 

or y«+ K-aCl-a)}*- {«»'+o(l-«)}«j 

or y«+a)'»-2a(l-«)a)'aseV»+2ae(l-«)«' J 

or y»+»^-2a(l+«)(l-«)i»'=«V» ; 

or y« +««(l-e») =2a«'(l -«») ; 

ary»=(l-«»)(2o«'-»^). 
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Now, as A 18 to be aocoonted the origin, we maj remoTi/ 
the acoenti and the equation will be 

y«=(l-a«)(2a»-»«). 

88. Suppose the origin to be at 0. 

Here again we might pat tI for GM, and aabstitate 

i/-|- - for in the original equation. 

Or we may^at onoe let a and y be the eoordinates ; then 
we haifo 

SM= CM + SG»a)+ aa ; 

a 
or e'DMs6SB-fa; 

••• , eqniyalent to PMs+SM*xb6>DM>, we haye 

ory»=:(l-««)(a»-««). 

Now, let 5 denote the ordinate BG ; then for the coordinates 
of the point B we haye a^ssO, y«=&, and the aboye equation 

giyes hb 6*sa*(l— a*), or 1— a's.. The equation, there* 
fore^ maj be written 

Or 

which ia reducible to the more Bymmetrical form 

ay +tV«a«t«, or -!+?*«! ; 

which ia the equation to the ellipse referred to the centre 
as origin, and is the one most frequentiy employed. 

38i The aboye equation is conyertible into the forms 

»«±^-/5?rs, (1) 

e ' 

aDd.-±J-/Jl=p., (2) 



iqvahon to thb bixipsb. 45 

wliioh enable iu readilj to determine the form of the 
ellipse. 

If yssO, then (2) gives «as±^ > therefore the ellipse outfi 
the axis of z at tiie points A, ▲'. 

If be supposed a g^reater magnitude than +a or — a» 
then in (1) we shall have a*— 2' negative, and the yahzes 
of y are imaginary. Therefore no point on the ellipse can 
have a gpreater abscissa than a or — a* 

If. a) be supposed a less magnitude than +a or — Oy then 
(1) shews that for every value of m there are two values of 
y, numerically equal, but contrary in sign. This implies 
that for every point above the axis of x there is a corres- 
ponding point at the same distance below the axis of ; so 
that the axis ofx divides the curve symmetrically. 

Also from (2) it is evident that the curve is symmetrical 
with respect to the axis of y, and that no point on the 
ellipse has an ordinate exceeding h. 

Accordingly, the ellipse is a contuiuous curve returning 
into itself, and divided by the axis of x into two equal 
parts ; and it is easily shewn that the centre of an ellipse ie 
a point thai bisects every chord of the elUpse dAraton ihrough 
thai point* 

It may be here stated that the term axes^ in reference to 
the ellipse, is generally used to denote the lines A'A and BB^ 
intercepted by the curve ; and that the former is called the 
major axis or transverse axis, the latter the minor or con- 
jugate axis. 

It may be also mentioned that the ratio denoted by the 
symbol e is caJled the eccentriciiy of the ellipse. 

40. The ellipse being symmetrically situated with respect 
to the axes, A'A, BB^ there must be two foci, each having 
its corresponding directrix ; and if AHsA'S, and AEssDA\ 
the curve can be described by means of H and LI/, as focus 
and directrix. 

4X. The readiest mechanical method of describing an 
ellipse is furnished by the following propeHy : 
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The 9vm of ihe focal distaneet of any poitU on (he Mtjm 
i» aqual to iho axit major. 

For SP=rPN86(DO+CM)»6(?+0)->a+«»; 



and HP8«-PB»0(CE-.CM)B6(?-«)»a.-«9; 

/. SP+PH«2a=A'A, 

Hence, for ihe point B we have SBsA'O. 

Aooordinglj, an ellipse may be constmcted as follows : 

Let a string SPH be fiistened to two points S and H, then, 
if a pencil P be moved so as to keep the string always 
stretched, it will tracd an ellipse of which S and H are the 
fixa, sinoe SP-hPH will be constantlj s A^A. 

This prop er ly of the constant sum of the focal distances 
18 sometimes stated as a definition of the ellipse (Sea Ex. 4, 
Ik 54). 

42. Either focns divides the axis major into segments, 
the rectangle of which is equal to the square of the semi- 
axia minor, so that A'S'SA=BG*. ; 

ForA'C«=SB*=SC»-»-BC«; therefore BO««A'C*-SC« 
«(A'C-SC)(A'C + SO) = A'SSA. . 

Or thus: A's^aCl— 0), and SA«sa(l-f0); and we have 
already found (88) the product of these, vis. a*(l — 0*), ss b*. 

€3* The equation y'8s-^(a'—0*) maybe put in the form 

y**^,(«+«)(<»-») ; 

hence^ if FM be any ordinate, and G ihe origin, 

PM^^^.A'M-MA, 

or PM» : A'MMA: :BC« : A'C«. 



The double ordinate "FKF passing through the focus 
is called the latut rechtm. To. find its length, we have 
cssCH»SOsa0, which substituted for x jr the equation 
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y« ^-^(a*— «') giyoB 

y»-^(at - aV) =6«(1 - 6») -6«-^,=S 5 

O" Or a* 

hence y sEHs - ; and FHFs^. 

Tangent and Nobmal to an Elupsx. 

45. The tangent to an ellipse may be regarded as a se- 
cant passing throngh two coincident points on the corre. 
(iSdd art. 27.) 

To find the equation to the tangent at a given point an an 
eUijMe, 

Let Off y' be the coordinates of P the giyen pointy q/\ y" 
those of another point P on the canre, near the given point. 

The equation to the straight line PP is 

y-y'-^(»-^). (1) 



The equation to the ellipsoi referred to the centre' as 
origin, is 

Acoordingly, since (as^, y') and (z^\ y") are points on the 
cnrye 

... o»(y"»-y'»)=-J»(<d"«-<B'«), 

or, ««(y"+y')(y"-y')=-i»(«"+aO(<^'-«') ; 
. y"-y^ b* «/>+m ', 

hence, iihe 1st equation, bj' sabstitation, irill become 

Now, when the point {txf'^ y") coincides with the point 
(^t /)f '^^ ^^0 if'ss^taid yf^^y^'t in which case (2). \ 

becomes y_^=_g . 2^(,_«'), \ 



f 

J 

t 

! 



4% OOKIO 8ECnON& 

that IB, ahjy'-^Vxsuf^^aV. (8) 

46>. To expreif <A« iangeni to an eittipie m iannt of ih$ 
iangeni ofihe angle which ih$ Une make$ vfiih the aaeii ofm. 
We liava seen tliai the tangent of tha angle which the 

line makes with the major axis is — 5-, • 

ay 

From the equation a^y'-k-Vhaf^sa^}^ 
we have y=-_,«+-.; ^1) 

and from the equation a^g^ + b*x'*ssa*l^ ..... 
we have ^+^=/5' 



••• ?-± V^ (^> 



Let — -5-j*=**; whence — = — 5^^ ; 
or/ \f 0* 

lience^ bj snbFtitation in (2), 

Whence, hy sahstitation in (1), 

y=«iaj± -/SSTft*; (8) 

which is the equation to the tangent in terms of the tangent 
of the angle which the line makes with the major axis of 
the ellipse; the double sign implying that two tangents 
may be drawn making angles of equal magnitude with the 
axis of a. Hence, if the general equation to a straight 
line be 

ysema-i-f^ 
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then, to determine the condition that any Btraight line 
Rhoald touch the elb'pso, we haro 



47. To find ihe equaMon to the nortnal at any point of an 
MtpBOf and iig intercepts on the axes. 

The noirmaJ^ as formerly defined, ia the line intersecting 
the tangent at right angles at the point of contact. 

^t (s', y) be the point of contact of a tangent to the 
ellipse. The equation to the tangent is 

^ ay y 
The equation to the normal as a straight line through 
(fl/, \f) is of the form y— y^sm'(«— «') ; and the condition 
of its being perpendicular to the tangent requires that mf 
shall denote the reciprocal, with contrary sign, of the m 
found in the equation to the tangent, or requires that 

m'ss-— sJ^^; hence the equation to the normal at (a/, y') is 




Now, at O, where the normal PG cuts the axis major, 
yasO, and the aboTO equation giyes 



-/-^'- 



^>i«>-i=^(«-^i 
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that IB, CO»«*CM. 

Again, at GK, where the normal cats the aada minora aasOy 
and tibe equation to the normal gires 



<^'y-y(-4)'7^' 



aV 



JTofo. The length of PG in terma of the focal distanoea of 
P and the eccentricity maj be determined as foUowa :— 
8P»a+ea/; HPsa— aa/; SMsoe+a^. 
A PM»=SP«-SM»=(a«-a/«)(l-««) ; 
GM^CM-CG-a/a-e") ; 
GM«=»'«(l«a»)«. 
Hence PQ««PM«+GM»=(l-e«) {a«-[l-.(l-.««)]»^} 

orPQ««(l-a«)SPHP. 

48. 2%e /oeoZ <{wtofie« </ awy poini im ike Mpte ma! 
e^ttoZ angUiwUh the iangeni ai thaijxdnt* . 

being the origin, SP and HP the focal diatancee of P 
and SCsCH=ae ; the coordinates of S axe — m, 0, an 
those of H are as, 0: let those of P be d^, y'. 

The equation to SP ia 

ahowinff the Talne of tan PSM to be ,y • 
** flr+oe 

The eqnation to HP ia 



NVfWaiwm 
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■howinff the yalne of tan PHT to be ^JL^ i 

.% ihat of tan FHM IB— 7^^ • 
Tho eqiiation to the taaigent at P ie 

Bhowing the Talne of taa PTM to be -^, . 

Tan SPar-itaii(PSM+PTM) 

, War 

Tan HPTstan (PHM-PTM) 

Therefoie the angle SPiyssihe angle HPT. And because 
PG 18 pexpendioular to TT' we have also the complementa 
SPG, HPG eqnal to eaoh other ; so that the angle between 
the focal distances of any point on the ellipee is bisected by 
the normal at that points 

The above is a rigorons analytical proof of the proposed 
theorem. The following is another demonatration^ assriniing 
the 2nd part of Euclid TL 8. 

In (47) we fonnd CGseV ; 
•% SGsSC+CGB:a«+eVsa(a+MO">0*SP (art. 41) 
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. SG SP. 
hence (EaoL YL 8) SPa»HPO; and .% SFTa 



2)F a dreU h$ deioribed on (he aaaii nu^cr <u diam^UT^ 
and amy crdmaU^ MP, of the dUpM he prodmeed to meet ik& 

7orGlP+PM*BCAs»a*,or,a>-CM*oPM*; and the 
equation to the eUipse gives ^+^«>1| w. o^-OM* 

->^P1P. Therefore ^*PM»«FM«, 

or 




The angle P'GM ia called tibe eooentric angle of the' 
eOipae. 

SOm To find ihe lociu of (he wUeneeiion of a iangeni io iho 

wUk ihe porpendieular drawn to it from eUherfooht. 
The eqnaiion to HB' (eee figure in 49) is 
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The equation to SB' drawn from the foooB whose ooordi- 
nates are -^as, 0, is of the form 

yssm'(»+a«); 
and that this line may be perpendicular to the former we 

putm's— -. , or 
m 

or, fn^+«s— as. (2) 

Similarlj, the equation to HB drawn perpendicular from 
the focus whose coordinates are as, 0, will be 
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(3) 



Squaring (1) and (2), or (1) and (8) : 

y*— 2fnya5+mV=a'in*+lr* ; 
«»y + 2w3/a>+»*=aW. 
B J addition 

y*(l + w*) +«•(!+ w*) = a*»»» + 5* + aV 
=sa«m«+a«=a«(l+in*) ; 

the equation to a circle whose radius is a. Therefore the 
required locus is a circle of which the major axis of tbe 
ellipse is a diameter. 

Note, The preceding 
result suggests the fol- 
lowing geometrical me- 
thod of drawing a tangent 
to an ellipse from any 
external point Q. 

Let a circle be described 
on the major axis as dia- 
meter, and another on the 
line SQ as diameter; then 
straight lines, drawn firom 
Q through B^ B^ the points of intersection of tlie two 
ciroles, will be the two tangents to the ellipse. 




•S COKIO fiSCnONS. 

For the anglee QBS, QB'S in a Bemicirold are right 
anglflB, or B^ B' are pointa on the looiu of the interaeotion 
of a perpendicalar from the focna with the tangent. 

n. To determine ike perpendicular (p) from the centre of 
cm elUpce as origin^ to the tangeni ai any ]9oini on ike cmve^ 
in ierme of the angle 6 which p makee wiih ihe aarie ofm* 

(See the fig. in art. 49.) OVsjp ; YOTsa. 
The equation to the straight line TV is 

mnltiplTing hj p, we hare 

J»+fy-i>5fliatifl,^ai+^y«p; 

bat ^8008 a, and ^=Bm 6; 

•*• COB 6+y sin 0=p ; 

which, it should be remembered, is a conyenient expression 
for a straight line in terms of the perpendicular on it from 
the origin and the inclination of this pexpendicnlar to the 
aadsofs. It gives * 

cos 6^, p 
' smO sm6 

and the condition that this line should touch the ellipse is 
^=:a^5?!!f + 5*; oro«=a«cos«0+i>8in«0; 

or j>*na* cos*d+a'(l— 6*)sin*0 ; 
8sa*(cos'0+sin*0)^a^a* sin*d ; 
that is, |>*=aS(l -«> sin<0) ; 
which determines J9 as required. 

Ot In this article we shall giro a few Examples and 
Bxeroises on the Ellipse. 



EXAICFLBS. 

JBb, (1). Find ibe eooentricitj of iha eUipsa . 

Hflre^ in order to make ihe equation assnme the fixna 






we divide it hj 2n\ wluoh gires 



f?"*"^**"^' 



.% a»=in», V^in\ and ^-f 
Now a>»l~ ^al.f =|»Jw of 6 ; 

JBfs0. (2)* Find tlie eccentricify of the eUipee in which the 
normal at F, the extremify of the latos reetom^ paaeea 
through B\ the extremity of the axis minor. 

From art 47 we haye CB's^FH ; 

or 

that IB, 0=-7^ • —ssae*; 
tr a 

.\ «4=^«l-e« J or •*+«»«! ; 
whence 0sz^^/(2y/S^^2). 

Ex, (8). The focal distances of a point P, on an ellipse, 
are SP=18, HPsb8, and the semi-axis minor is 5. Find 
the coordinates of P referred to the centre as origin. 

{Bee the fig. in 34.) aa]^(18+8)s:18 ; l^h ; 
hence e=v^(l-.^V=^4; also SC=ad=12, SH«24, 

SM«-MH>=SP»-HP«; 
^hatis, (SM+MH)(SM-MH)=(SP+HP)(SP-HPX 
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m 24(8M-HH) -26 x 10 ; /. SM - MHs 10| ; 

hence SMsl?^; 
.% CM=:SM-SC«&A- 

PM»=(a«-»'«)(l-a«)«(169- V«^) X Vft. 
=25-^^ of 25=iH of 25=^ of 119; 

therefore the required coordinates are a/ssb^^ /*A %^ ^^^* 

JBx. (4). LiTestigate the equation to the onrve thatis the 
locoB of a pointy the sum of whose diatancee from two giyen 
pointe 18 constanl 

Let S» H be the two fixed points, 
and take C the middle point of 
SH as origin. Let P be a point 
on the locnsy and let 

SP+HP«2a» and SH»20. 

SP»«(c+«)«+y*, s 

HP«-(fl-.»)»+y*, 

.%8I«-HP»«4»; 

hence, SPsa^ ^ . 

a 




•••(«+ f)*«(c+»)«+y«; 



which giyes a*-H^8o*+«*+y*; 

whence y«a;f^*(a«-««) ; 

which is the equation to an ellipse having a*-o*Bls/that 
is^ Having S and H for the foci 

Sx. (5). Shew that the locns of one end of a given 
staight rod, whose other dnd and a giren point in it move 
in straight lines at right angles to each other, is an elHnm. 
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Let AP be ihe given rod, Q the given point in it^ P ti&e 
end whose }ooiia is required. 

Let FT and OX be the two 
straight lines intersecting at 
right angles at C; and on 
them take segments FO, 
OB, respectLvely »CE, ED, 
= AQ, QP. 

Let APasODso, PQa 

BCsl, OM=:0» PMssy, and 
the angle PQMsO. 

CM 
B7 similar triangles, ^pS 

^ ^ ^ or l^^B; 

.•.!5+g=:C08«a + sin»a-l; 

which is the equation to an ellipse. 

Ex, (6). Determine the locos of the point of interseoiiofn 
of two tangents to an ellipse at right angles to each othor. 
The equation to the tangent is 

if the tangent pass through a given pointy (^ I), then 



»^, that i., 5-00. •; 



2hk „ . ft»-A;» 



or m*+ 



m+. 



=0; 



(1) 



whence two values of mare determined ; let them be called 

i and f. Then, since 

y— nvBs&X^^ntA, or y— Jfc=m(«— i), 

the equations to the two tangents will be 

y-Aj«e(»-A), (2) 

y-.i«f(»-A)5 (8) 

and if (2) and (8) are to be at right angles to each other,. 



then 



<'ss-.f,or«'+l-0; 
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Vat if m=< or t^ then m^^asO, and m—f^O^ 

or m^-(<+0«»+^sO, 
wbioh compared wiih (1) ahowa t(^^ — » ; 

... ^=^+1=0, or Jt-t«=*«-a«, 

or h^-k-h^^a^ +1^1 
hmtaoe the loooa of the point (A^ &) ia a oirde. 

JSv. (7). Find, in tenna of the focal diaiancea of a point 
P on the ellipse^ the perpendicolara HB^ SB' fiom the foci 
om the tangent at P ; and ahew that HB'SB'cs6>. 

(fifea the figniea in arta, 47, 49.) 

The equation to the tangent at P ia 

For the point T, where it meeta the azia of a, we have 
y«0, .% «=0T=: ^; and QT=OT-CG= y-«V 

«2!=^ ; alao HT«QT-.GH=^:;^-a(a-«0 

•KT i_ • T *_•. 1 - BOW HT» 
Kow, by iiiiutar tmnglee, f;^=^^> 

vntf a* HB> _ a> 

a* 
J,. . a» HE« «» . 

Siniilarly, it 11U17 be shewn that the other perpe&dionkr 
is dfltanniiied bj SB^-^.i*. 

.«. BRSBfmiV. 



XZBBCISES. V 

ExsBCisis [D]« 

1. Fiiidtlieeocentricityof eacH of the folloieiiig ellipses: 

(i) 8»«+%«=c«. (n.) 8x«+6y««»«, 

(iii.) 25»«+169y«=780». 

2. What is the ecoentricily of the ellipse, "when Af3 is 
parallel to CF, in fig. of art. 34 P 

8. The focal distances of a point P on an dHpse, whose 
ecoentrioify is f , are SPb^i, HPb6. Find the coordinates 
of P referred to the centre as origin. 

4. Find the equation to the normal at F, an extremity o£ 
the latns rectum. 

5. The coordinates of a point P, on an ellipse whose 
eccentricity is i^2, wee s'^V ^'^ ^^ i/^i^/2S8. Find 
SP and HP. 

6. Shew that the equation to the tangent to the ellipse 
2»*+Sy'=18, inclined to the axis of « at an angle of 30% is 
8y=flv/8±9. 

7. Shew that, in an ellipse, if a*s26*, the angle SBH is 
a right angle. 

8. Shew that the lengths of the perpendiculars fix>m the 
foci of an ellipse, on a tangent inclined to the axis major at 
an angle f^ are ssa[e sin ^±(1 -a* cos'^)*}, 

9. Assuming wa^ as the area of the drcle described on 
the major axis of the ellipse, shew that the radius of a circle 
is a mean proportional between the semi-axes of an ellipse 
equal in area to the circle. 

10. Find the equation to the tangent at F, the extremity 

of the latus rectum of the ellipse ~- +iL. a= 1 and the 

9a' 4a' 

lengths of the intercepts of the tangent on the axes. 

11. Two given circles tonch each other internally : shew 
that the locus of the centre of a circle in the space between 
their circumferences, and touching both, is an ellipse having 
their centres for its focL 

12. Shew that if y be the ordinate of any point P on an 

ellipse, the tangent of the angle ATA is » — z£. , 
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Thi Htpibboix 

83m The liTperbolA is the lociiB of a poini|WhoM distance 
from a giTen fixed point is always greater, in a oonstant 
ratioy than its distance from a given fixed straight line. 

Let H be the giyen pointy and EXf the given straight 
line. Draw HD perpendicular to KC'. Let P he a point 
on the locus; join HP, and draw PIC parallel to KK.\ and 
FN parallel to DH. 



X 


« 




\ 


^ 


• 


7 


c n 

a' 


\ H M X 



Take D, in the line KE', as the origin, DH as the axis of 
s^KK'astbeaxisofy. 

Divide DH at A, so that ._-ss_^sb the constant ratio, 

a Talne greater than nnily, which we may call a. Let DH 
be calledp ; and let 0, y he the coordinates of P. 

We have HP««PN ; .•. HP«=6»PN», 

or, PM« + HM'stfSDM*, 

that is, y> + (0-jp)>«0V ; 

which is the equation to the hyperbola referred to the 
origin and axes assumed. 

B%, For the point where the hyperbola meets the axis of 
m, we have y sO, and the equation becomes 

(«-j,)»=A»; 
this givw m—pss±tx, or (l^t)m^p, or mmJL., ugni* 
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tpng that the hyperbola meets the axis at two points, A 
andA'; batas eezoeedsimify, 1— eiflanegatiye qnantilj; 

■o that we haye DA', measured to the left of D, ssJE^ ^ 

and DAtsJL^ . 

C, the middle point of A'A, is called the oentrOi and the 
extremities A, A' are called the Tertices, of the hyperbola. 
Also, the fixed point H is called the focns, and the fixed 
line EEf the directrix of the hyperbola. 

5S. Let the line A'AB2a; then OAko. 
Since A' is a point on the locns, we have 

HA'_ 2a4-AB [__ 2a-fa.DA 

BA""'2a:iDA"' 2a-DA ' 
whence are deriyed the following yalnes : 

(i.)DA= ?(.-!); 

(u.) AHBi«DAsa(«-l) ; 

(iiL) CD-a-DA=i: 

« 

(ir.) OHasa+AHacM; 



SS» Suppose the origin to be at A 

In this case, AM takes the place of DM ; and if AM be 

called fl/, then DMsDA+fl'', that is, ar=rfl^+a—?; whence, 



by sabstitation in the equation 

wehayey«+^fl/+a-5-a«+-^ « («a/+a(0-l)} «, 

or, y«+ {ar'-aCa-l)}*- {«/+a(0-l)}«, 

or, y«+«^-2a(0-.l)a/=seV+2afl(0— l)a/, 

or, y«+a/>-2a(0+l)(0— l)a/=:AB^, 

.% y*-a^(e«-l)=2«/(««-l), 

that is, y>=:(d>-.l)(2aa/4.fl/*). 



f^mmmmmm 
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Nowy as A 18 to be acoonnted ihe origin^ we maj r«moTO 
i^ aooeni^ and tba equation will be 

y«=(««-.l)(2a«+«»). 

57. Suppose the origin to be at C. 

'Heref again, we might pat a/ for OM, and substitate 

fl/— - for in the original equation. 

Or, we may at once let x and y be the ooordinates ; then 
shall hare 



DM»GM-ODrs0-?; 

or0*DM=«B— a; 

henoe, equivalent to PM* + HM'se'DM', wc have 

y*+(»— o«)*=s(e»— a)*, 

or,y«=:(6«-l)(«*-a«). 

Kow, if we suppose »sO, we get y*=sa*(l— «•), a 
negative value, since e is greater than unity ; and there- 
fore, assigning to y an impossible value, that is, denoting 
that the curve does not cut the axis of y. As, however, 
there will be a point on the curve having for its ordinate 

y'»a^ j^, we may take BCsCB'sa V^T^, and call 
lis mamdtude b : 



thus 5»«aV - 1). or «•-!« 5! . 

a" 

The equation, therefore, maj be written 

which is reducible to the more symmetrical form 
ay-6V=-aW, or ^- |!«1 ; 

which is the equation to the hyperbola, referred to the centre 
as origin, and is the one most firequently employed. 
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B8. The abo^e equation is oonvertOde into tlie forma 



y-±|^/?:ZP' (1) 



.»±jV'^«+6i' (2) 

wbicb enable iia readilj to determine the form of the 
hjberbola. 

If yssO, then (2) giyes assjhct; therefore the hyperbola 
cuts the axis of at the points A, A'. 

If be supposed a less magnitude than +a or — o^ then 
in (1) we shall have «'— a* negatiye^ and the values of y 
are imaginary. Therefore, no point of the hyperbola ia 
situated between A and A^ 

If be supposed a greater magnitude than +a or — a^ 
then (1) shews that for every value of x there are two 
values of y, numerically equal, but contrary in sign. This 
implies that, for every point above the axis of «, there is a 
corresponding point at the same distance below the axis of 
0, so that the axis of divides the curve symmetrically. 

Moreover, as increases, the values of y increase ; and 
when becomes indefinitely great, so also does y, 

AccordiDgly, the hyperbola consists of two opposite and 
similar branches, respectively extending to the right of A 
and to the left of A' indefinitely. 

It may be here stated that the term axes, in reference to 
the hyperbola, is generally used to denote the lines AA' and 
BBV and that the former is called the transverse axis, the ' 
Jatter the conjugate axis. 

It may be also mentioned that the ratio denoted by the 
-aymbol e is called the eccentricity of the hyperboLk 

59. The hyperbola being symmetrically sitoated with 
respect to the axes AA', BB', there must be two foci, each 
having its corresponding directrix ; and if A'SsAH, and 
A'EbsDA, the curve can be described by means of S and 
Liy, as focus and directrix. (Sm fig. in 60.) 



CS OONIO SEOnONS. 

€0. The readiest mechanicftl method of deeoxibing en 
hyperbola is fkrnished hy ihe following properiy : 

T%e difference of ike focal diitancee of am/y poini on the 
hjfperbola %$ equal to the trantvene aans. 

For SP»«'FN's«(O]C+GE)aa^0'+^^»<»'4a, 

.\ SP-PH=2a. 
Aooordmgly, an hyperbola may be oonetmoied as follows : 




Let a ruler SB reyolye round S in the plane of the 
paper, and let a string HPB, fiistened to B and H, be of 
sach length, that SB— HPBs2a; then with a penoil, P, 
Iceep the string stretched against SB as the ruler rerolyes, 
and the point will trace out a portion of the hyperbola of 
which 8 and H are the foci, since SP— PH will be con- 
stantly B2a. 

€L The equation y'ss _ (a*— a') maybe pat in the form 

y«-g(«+a)(«-a); 

Or 

banoa^ if FM be maj ordinate, and tlie origin, 
«r nP : Alt • MA : : BC« ; CA«. 
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ea. The double ordinate JfUiT, paasing throagli the 
foooB, is called tibe lahu redufnu To find its lengUi, we 
hare «sCH^a«» wliich sabstitated for in the equation 

y*««-»(»"-a*)t gives 



a' 



hence ysFHa ^ , and FHFa— . 



TlirOlNT lin> NOBMAL TO AN HTFBSBOLi. 

d3. K we compsare the equations to the ellipse and 
hyperbolai 

that for the ellipse being y*» -^ (a*— 9*), 

that for the hjberbola y*a K, (»' -a*) 

-:^'(a«-««), 
a" 

it will appear that the latter may be derived from the former 
by writing —6' for hK Hence 

To find ihs equaiMn to the ta/iigmt ai a given pomi (fl/, y') 
on an hyperbola : 

Instead of repeating the procednre in art. 48, we need 
onlj write — &* for 6* in the equation there foond^ and we 
have 

or a*y}/ — Vhs/ss — a V. 

Ml To express (he tangeni to an hyperbola in terms of the 
tangent qfihe angle tohu^ (he Une makes wUh the asns 0/9. 

Here the required expression maj be at once derived from 
that in art 46 ; thus. 
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the double eign impljing that iwo tangents may be cbrawi^ 
making equal angles with the axis of 0. 

Mm To find ihe eqwUion to the normal ai a given point 
(y, l^ onan ^fporhola^ and %ii iniorcepti on ihe aaee. 

Here, again, replacing 6* hj -^V, we obtain from art. 417^ 
for the eqoation to the normal PG, 

JJso^ finr the intercepts^ m should find, as in art. 47, 




CO-^Kai. «d CG'=i^PM. which «. the l«gft. of 

the mtaroepto made bj the normal PO irith the axes. 

NoU. In determining the length of PO itself we sb*11 

find 

PM»=(a.'«-a«)(^-l), 

/.PG««PM«+GM»=(«»-l)(l+«»-l)»«-(«»-l)a», 

-i(«»-l)(«V»-a«)=(^-l)(««i'+«)(«»'-a), 
«rPQ«»(«»-l)SPHP. 
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€$• The/oeal dista/neei of any pomi on ihe hyperbola nuJk^ 
$qi»al angles wUk {he tangent ai thai point. 

ThiB may be prored bj the method employed in art 48. 
And henoealsotiie angle between the focal distances of aoj 
point on the hyperbola is bisected by the normal at that 
point ; or SPTsHPT. 

€7* To find {he loeue of {he inienecUon of a tangent to the 
hyperbola ioUh {he perpendioular draun^ to it from either, 
foeut. 

By pnrsiiing the method employed in art 50, the required 
locns inll be ascertained to be a circle of which the trans- 
Terse axis is a diameter ; and the restdt will, as in that 
article, suggest a geometrical method of drawing a tangent 
to an hyperbola from any external point 

68> To determine the perpendicular^ j>, from {he eentro of 
an hyperbola as or%g%$i^ to {he tangent at any point on the 
ewrvOf in terms of {he angle 0, which p maJces with {he aaoie 
ofw. 

In the eiqyression fonnd in art 51, snbstitate —6* for V, 
and the equation determining |» will be 

p^ssa* cos'O— 5' sin'd, 

or |»s=sa* cos'O— a«(e' -1) sin*d, 

Bsa*(cos>O+sin*0)— aV sin*^, 

that is, j>Ssa«(l-0* sin^a) ; 

which is the same result as that for the ellipse. 

69. All the properties of the hyperbola shewn in the 
preceding articles on that curve hare been found similar to 
those of the ellipse. There are peculiar properties of the 
hyperbola, of which, in this introductory treatise, we do 
not consider the investigation to be necessary. We will, 
however, direct the attention of the student to one remark** 
able properly of the hyperbola, — ^that of the asymptotes. 
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The equfttion to the hTperbola^ yis., 

nay be pat in the form 

Nowy as ixioreasesi the Talue of ^diminishes, so that 

that Tslne beoomes sero when, but not until, m beoomes 
infinite ; and then 

1£^ therefore, through the centre 0, as origin, two straight 
lines, CL^ CEI, be drawn, making 
with the axis of wangles LGZ, KOX, 

-whose tangents are, respeotiyely, - 

and — - , these lines will continually 
a 

approach the ourre, and jet nerer 

meet il For the equations to the 

lines are 

y=-», andy«-.a, 
a a 

and we hare seen that y cannot become s-t - a till « be- 

oomes infinite. 

The lines GL^ OK are called Aiympiotei to the hyperbola : 
the word asymptote, of Greek origin, signifying witJumi 
carnddmiae or contact, 

70> When the angle LGX is half a right angle, the tangent 
-si, or iaa; and the Taloe l>Bsa'(s*"-l) gives ^5^2. 

The ourre is then called an eqwUateral hyperbola, becanne. 
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of ihe equalitj of the axes, and alao a rectangular hyper- 
bola, becauBe of LGI/, the angle between the asTx&ptotes, 
being a right angle. * 

71. To find (he eguaiion to (he redangulafr hjfperbola 
referred to the aeymftotee a$ aaee. 
In the equation to the hyperbolai 

let htsa ; then 



«>-y«: 



laK 



» reotangolar 
CX, OY the original axes, OXj, 



0Y| the axes ooincident with the 
asTmptotes. 

Let CM=», PM=»y, CM'«EM' 
««', PM'=y'. 

0sCMr=GN+NM 

sso/ 008 45^+^^ OOB 45^ 

y=PM«PB?^=(y'-«') Bin ^S^^t^d^-o/) ; 

that IB, 4»y«2a«,^ 
or, BuppreBBing the aooentSi 

the equation required. 




7a. We will now propose a few ExeroiBeB on the hyber* 
bola without an 2ntroduoti0n of worked Bzamplee. 



«i coNio flxonoxfl. 

ExiBcisis [E]. 

1. The eccentriciiy of an hyperbola is 2 : Shew ihat the 
equation to the canre ia y*ssS(x^^a*). 

2. Beqnired the eccentricity and lataa rectam of an 
hyperbola whose equation is 2y*s8(s'+2»*)* 

8. Shew that the tangent at A, the yertez of an ellipse 
or of an hyperbola, is at right angles to the transTerse axis. 

4b The tangent to an hyperbola at P cnts the transyerse 
axis at T, and the tangent at the yertez A intercepts GP 
at B: Shew that the straight line TE is parallel to the 
straight line AP. 

5. What relation mnst subsist between .the constants, 
in order that the line -^ — &> 1 may be a tangent to the 



m 



hyperbola ~s— l^ssl p 



6. K an ellipse and an hyperbola haye the same foci, the 
locus of the intersection of tangents to them, at right angles 
to each other, is a circle. 

7. Find the locus of the intersection of tangents drawn 
finom the fixed points A and B to a drole touching the 
straight line AB at a fixed point. 

8. If P be any point on an hyperbola, shew that 

tan IPSH tan 4PHS»^ . 

9. Through the extremities of PP', a double ordinate of 
an ellipse, are drawn the straight lines ATQ, FAQ, meeting 
at Q : Shew that the locus of Q is an hyperbola haying the 
same axes as the ellipse. * 

10. A circle is described, haying the focus of an hyper- 
.bola as centre, and a diameter equal to the conjugate axis : 

Shew that the aq^ptotes are tamgents to the cirde at the 
points where they intersect the nearer 
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Thb Paiubola. 

73. The parabola is the loons of a point whose distance 
from a given fibced point is always eqnal toits distance from 
a given fixed straight line. 

Let She the given pointy and EE' the given line. Draw 
SD perpendionlar to EK^ Let P be 
a point on the loons ; join SP, and 
draw PM parallel to KKf, and PN 
paraUel to DS. 

Take D as the origin, DS as the 
axis of SB, EK' as the axis of y. 

Bisect DS at A ; suppose ASsa ; 
and let 0, y be the coordinates of P. 

We have SP=PN; .•. SP«=PlSr"; 
orPM»+SM«=DM^; 

that is, y« + («— 2a)*=»^, 
or, y*ss4a(«— a) ; 
which is the equation to the parabola, referred to the origin 
and axes assnmed. 

74. For the point where the parabola meets the axis of 
0, we have ys=0, and the equation becomes «=a, signifying^ 
that the curve meets the axis at one point A, so that 
DA«AS. 

A is called the vertex, AX the axis, Sihe focus, and EK' 
the directrix, of the parabola. 

78m Suppose the origin to be at A. 

Li this case, AM taJces the place of DM ; and if AM be 
oalled «', then DMsaZ+o, that is, 0s=fl/4-a; whence, by 
substitution in the equation y*ss4ia(s0— a), we have 

ySss4aa/. 

Now, as A is to be accounted the origin, we may remove 
the accent^ and we shall have 
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•which is the eqxiaiion to ihe perabolft refeirred to thevcitez 
as origin, and is the oxie most freqnentlj employed. 



70. The aboTe equation is conrertible into the form 

which enables ns readilj to determine the form of the 
parabola^ 

1£» be supposed negatiTe, the Tslnes of y are imaginaiy. 
Therefore no point on the parabola is situated on the left of 
theorigin. 

For ererj positive Tslne of there are two valnes of y, 
nnmericallj eqna], bat oontrarj in sign. This impUes that 
for every point above the axis of x there is a corresponding 
point at the same distance below the axis of-0 ; so that the 
axis of divides the cnrve sTmmetricaUj. 

Moreover, as increases, the values 
of y increase, and when becomes in- 
definitely great^ so also does y. 

Accordingly, the parabola is a non- 
central curve, extending indefinitely to 
ihe right of A. 




77. The focal distance of any poini 
P on the parabola^ being equal to its 
distance from the directrix, we have 

8PsAM+AS, or SP»04-a. 
The double ordinate LSI/ passing 
through the focus is called the lahu rectum. To find its 
length, we have 0aBsASaBa; y*«sLS*=4a9aB4ia> ; hence 
yss±2a; /. LSI/B4a. 



TlSOEHT AND NOBMAL TO A PARABOLA. 

78. The tangent to a parabola may be regarded as a 
secant passing through two coinoident points on the curve. 
(See art 27.) 
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To find fh$ oquaiim io ike iangetU ai a gioen paini en a 
fimbola. 

Let fl/, y' be the coordinates of P the giren pointy a/^ y'^ 
those of another point P on the cnrre, near the giVen 
point* 

The equation to the straight line PP is 

The equation to the parabola referred to the Tertez aB 
originis 

% sinoe (s/f jf) and {p/\ ff") are points on the 



• • 



curvOy 

^sz4aaf^ and 'f^^Aaai' ; 

or(y''+yO(/'-y')=4a(«''-«0; 

henoe the 1st eqnationy bj substitation, will beoome 

j'-y'-^c-'O. (2) 

Now, when the point {^\ ^f) coincides with the point 
(^t yO» "^^ ^^ 9i*^7l^ and y"^jf\ in which case (2) 

becomes y— y'rs— (»—«')»— 

that is, y-/=?5 («-«'), 

or yy'->2a0+2aa/sy'SsB4afl/ ; 
.-. y/Bs2a(»+aO. 

79. To oaopreBi iho iangeni io a piirahola m ionm of the 
tangent of (he angle iohieh the line makee wUh ihe aaoU o/»» 

We have seen that the tangent of the angle which the 

line makes with the axis of « is -4^ • 

Y 



n oaxio fixonoNa 



Krorn {he eqiiatkm yy^^2a(9^^ 

. 2a ^2aa/ 

2a , 4aa/ 
2a . v' 



Lai^^m; /, iLss — , or ^ss-^; lienoebjsabsiiiatioii 

wbich 18 the eqxiation to ihe tangent in tenui of the 
tangent of the angle which the line makee with the aada of 
the parabola. 

Mw To find ikeeguaUonio ihs normal ai tmy paini on a 
parahola. 

Let (tfp yO ^ ^ point of contact of a tangent to the 
parabola. 

The equation to the tangent la 

The equation to the normal, aa a atraight line through 
« y), ia of the form 

and the^ondiiion of ita being peipendicnlar to the tangent 

1 i/ 

reqnirea that Wa— - as — ^ • hence the equation to the 

nonnal at (a/, y') ^ 
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At G, where the nonnal PG meetft the aads, y^O, and the 
ahoTe equation gives 

or l—g-(«-«'), 

or 0— fl/s2a| 
that 18, AG-AM«MGs2ck ^ 

At T, where the tangent 
TP meets the axis, ysO, and 
the equation to the tangent^ 
vis., yy's2a(fli+0')» heoomes 
«s -fl/, that is, AMbAT. 

Henoe also ST=rs+asSP. 

Therefore the axis of a parabola, and the focal distance 
of anj point on the curve to which a tangent is drawn, 
make equal angles with the tangent, and also equal angles 
with the nonnal ; consequent!/ SGssSP. 

81. To find ihe locus of the irUerseetion of a iangoni to the 
parahola wUh ihe perponcUcular drawn to tifrom thefocue. 

The equation to TP is 




fi/BflUB-f — • 
1» 



(1) 



The equation to SB drawn from the focus whose coordi« 
nates are a, Oy is of the form 

y=w'(»-a), 
and that tibis line may be perpendicular to the former we 

putm'«a— — , OP 



HI 



(2) 



hence ffuvH — «s— — (a'-^a). 
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or m^+asa— fl^ 
or (l+m'>sO; 
Imil4fii*i8not sO; /. «=sO; 

or, the lociiB of the intersection of a tangent to the parabola 
with the perpendicular on it from the focoa is the axis 
of y. 

82. We shall here propose a &ir Exercises on the 
parabola. 

EXJSBCISES [F]. 

1. A straight line AL is drawn from the Tertez of a 
parabola to an extremity of the latos roctam : Find the 
angle which AL makes with a tangent at L. ' 

2. Find the length of TP, a tangent to a parabola at the 
point P, inclined to the axis at an angle PTXs=60^. 

8. LL' being the latos rectum of a parabola whose yertex 
is A: Find the diameter of a circle described abont the 
triangle LATA 

4. If the tangent at a point P on a parabola be inclined 
to the axis at an angle of 30% shew that the focal distance 
18 equal to the latos rectom. 

6. A tangent is drawn to a parabola at L, an extremity of 
the latos rectom: Find the length of the normal chord 
LGQ'. 

6. AB is a fixed diameter of a drole whose centre is C ; 
and DE is anj chord parallel to AB : Find the locos of the 
iotersection of CD with a straight line AQ drawn to the 
middle i>oint of DE. 

7. PSP is any focal chord of a parabola^ the straight line 
AP cotting the latos rectom at Q : Shew that the straight 
line QP is bisected bj the axis. 

8. LS is the semi-latos rectom of a parabola APL, whose 
yertex is A and focos S ; and D is the point where the axis 
meets the directrix; a straight line from D through P 
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meets the Bemi-lainB rectum at N, and NQ is drawn parallel 
to DS, and SPQ is drawn to meet NQ : Shew that tlielpcoB 
of Q is a circle. 

9. Two tangents are drawn to a parabola^ and are inclined 
to the axis at angles the difference of whose cotangents is 
equal to a constant quantity d: Shew that the locus of the 
intersection of the tangents is a parabola equal to the 
original parabola. 



TsAKsroBianoN of Coobdinatbs. 

83. It is ofben conrenient to alter given coordinates with 
respect to origin, or direction^ or botL This can be done 
wiUi either oblique or rectangular axes. We confine our 
illustrations to the latter. 

To transfer the origin of eoardinatee to another pointy with* 
out changing the direction of the aoDes. 

LetO^X', OT'benewaxes 
parallel to the original axes 
OX, OY. Let the coordi- 
nates of the new origin re- 
ferred to the old origin be 
0A»^ O'Amth. Let 0, y 
be the original coordinates 
of a point P, and cb', y' the 
new coordinates of the same 
point. 

9=0MBAM+0A=:a/+^; 

which arid the vsalues of x and y that must be substituted 
in order to express what the equation to any locus becomes 
when referred to the new axes. 

M. To change one syetem of rectangular axee to another 
with the same origin, 

B t 
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Lefc OX', OY' be new rectangular axes, having the flame 
origin as OX, OY, the ori- 
g^inal axes. Let a^ y be the 
original coordinatesof a point 
Py and fl/, if' the new coordi- 
nates of the point. 

Draw PM, PM' parallel to 
OY, OY', and U% WR 
parallel to Y, OX 

The aa^es have been tamed 
ronnd 0, through an angle 
XOX'; let that angle = 0; 
then ««OM«ON-. BM', 

ysPMsPR+Mlf; 

bat ihe angle BPM'^XOX'sO ; 

«\ BM'srPM' sm a ; and PBssPM'cosO; 

ONsOM' cos 0; and M'N»OM' sin 6. 

/, «=sfl/ cos 6— j^ sin 0; 

yssaf sin 6+/ cos 0; 

which are the values of x and y that must be substituted in 
order to express what the equation to any locus becomes 
when referred to the new axes. 

To make this case include a transfer of the origin to the 
point (hf h\ we have only to substitute o/'+A for a/, and 
y'^+^fory'. 

8Si The general equation of the second degree is 

A«»+B«y+Cy*+D»+By+FssO; 

and it most frequently represents some curve. 

Tt may^ howevery represent two straight lines. ThuS| if 
we have 

&»•— lla?y -f 8y»— 8a>+ 8y — 8=0, 

then solving this as a quadratic for y, we shall obtain as the 
two values of yi 

y=8»-.3, and «|»+i, 
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■hewing that the given equation is the product of 

and 8y-2s— IssO, 

and therefore represents two straight lines. 

We proceed to shew how transfonnation of coordinates 
may be applied for the rednction of the general equation of 
the second degree to the finrms bj which loci sxe readily 



86. Let ns begin hy examining how the terms xnyolTing 
the simple powers of m and y maj be remoyed. 

If we transfer the origin to a point (A, h), without 
altering the direction of the rectangular axes ; that is, if 
we substitute fl/+ % for x^ and tf'+Jc for y^ we shall have 

+(y«+2City+CA^+D»'-|-DA+By'+I»+P«0 ; 

thatisy 

AiB^+B»'y'+Cy«+(2AA+B&+D)»'+(B;i+2C»+B)y' 

+AAHB^+a*+D^+E;t+F80. 

STow, to try to get rid of the terms of a/ and y^^ let us 
equate their coefficients to sero ; thus^ 

2AA+Bib+DsO ; and B^+2CJb+EsO ; 

. J. — 2A;^— D — B^-B /Tx 

..AP- g " 20 ' ^^^ 

F,x)m (1) we have h^^^Z^ . ^ 

IVom(2)wehaye A.=^|^. 

It appears then that such values of h and h can be 
assigned as will make the coefficients of » and y ex aeroy 
except when B'— 4A'CbO. 
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87. When B'-4A*CasO, or B<=4A'C, we do not get rid 
of tlie simple powers of m and y by equating their ooefficienis 
to xero as 8lx>ye; but we can get rid of the product of the 
Tariables hy putdng 

ssa/ cos B'-y^ sin 0, 

yssa/ sin 8+/ cos 0. 

The general equation then becomes 
A(0'*cos'a-2a/y' cos sin 6+y^sin*(»)+B(a/> sin cose— 
fl// sin*d+fl// cos'O-^ sin cos 0) 4 C(af* sin>0+ 
2a/^ sin 6 cos 0+^ cos^O) +D(9' cos 0—^ sin 0) -^ 
E(fl/sina+y'cosO)+F=0; 
or, since 2 sin cos Oassin 20, and cos'd— sin^Os cos 2^1 
(B^(A C0B>a+iB sin 2 0+C sin*0) ^ 
+»y{(G-A)8in2e+Bcos20} 
+y'*(A sin>d-p sin 20+ G oos>6) 
i-fl/(Dcosa+Esina) 
^y'CE cos 0-D sine) 
+F 

Now, the tangent of an angle may be of any magnitude ; 
and therefore we may put 

B :tan2e«?^2e 



) «0. 



A-G C0826' 

whereby we make — B cos 2 Os (0 —A) sin 2 0, 

and thus, by substitution in the coefficient of afy'^ that 
coefficient will become eero. 

We can, therefore, always get rid of the product of the 
TBriables by turning the axes through an angle such that 

•n 

tan 20= .^-v*. • 

Ijet us now seek the corresponding values of the coef- 
ficients of 0^ and /*• 

2A cos*0+20 8in<0rr:A(2 -2 sin^O) + 2G sin^O ; 
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imt^ by Trigonometiy, 2 sin'Osl^oos 2 $; thus making 
the expression become 
sA(l+cos20} + C(l-oos2O) 

BsA+G-i- (A-C) cos 20; 
.-. Aoos«a+0 sin»0«J{A+C+(A-C) cos2 0}. 

Similarly, 

A sin«0+C cos«0=:i {A+ 0-(A-C) cos 2 0} . 
Hence the terms inyolving a/* and y'' become 

a/^-iCA+O + CA-C) cos 20+B sin 20} 
+ y'« -i {A+ 0- (A~C) cos 20-B sin 20} . 

SO that the terms inyolving af^ and y^ become 

fl^-i{A+C+ 'v/(A-C)>-t-B«} 
+2^-ilA + 0-'/(A-C)«+B«} ; 

where it will be observed that the product of the coefficients 
is ^(4AC-B*) ; i^ therefore, 4A*0-B>sO, one of these 
ooefficients must vanish. 

In this case, if the coefficient of s'^sbO, then the general 
equation, having lost x** and a/y', becomes 

which may be written 
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Lei -J» be «»Ued P, and let -^J^-^ be called B; 

tiien, (y'-P)*=-g'(«'-B)5 

benoe, if D be not ssO| and the origin be tranaferred to tho 
point (B^ P), 

writing fl^-|-B for tI^ and y'^+P for /» we ahall bare 

wbich is the equation to a parabola^ the coordinates to the 
▼erfcex being B and P. 

88. We will now proceed to Examples and Exercises on 
the nse of those expedients that we have fonnd ayailable for 
the transformation of coordinates. 



EXAHFLES. 

J&«. (1). Transform the equation 04-2v^a9^+ya3e, by 
taming the axes of the coordinates through half a right 
angle. 

Here 6=45% and sin Oscos 0=1^2. 
Patting 0s=fl/ cos -j^ sin 0, and ys^' sin O-f*]^' cos 0, we 
haye»»s][v^(fl/-y'); andyssj^2(«'-fy')i 

V2»'+2V^i(»'»-y'»)sc; 
or,(^/2a/-c)»=2a^-23^; 
or, y'«s=c^/2»'-l<j^. 

£». (2). Transform the equation 

by remoTing the simple power of » and the product of the 
variables. 

Here AsS, Bn-4, Ca2, Ds-8, EsO, P^O; and 
B>-4A'0 being 816--408-24, we can get rid of the 
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aimpla power of • hj tranaferring the origin to the pcnnt 
(k, k), tddng 

. 2CD-BE_-12 _1 
B»-4A0 ~^l2i"" 2 • 

,. _2AE-BD_-12 1 

ThoB for s take tZ+ii and for y take y'+^; then, 

fi(»'+i)*-4(«^+i)(y'+i)+2(y'+i)«-8(./+i)=:0; 

or 20««-16arj^+8/»-3r=0. 
Now, to remove the product of the TariaiUes, take tan 28 
_ B -4 4 

~i:^"6-2"'~5* 

ByTrigonometry, ton fl=:i^il^gy!i:ii-=|j?-2 ; 

•«• Bin Bjs^y/ 5, and cos 0=^ ^5. 
Henoe, pattdng a/' coa O^ff" sin 9 for (b', 

of' sin 0+^' 006 for /, 

wo llftYO 

20(i^5«"-|^5y'0* =4j("«-16a('y'+16/'" 

-n(t^»««'-t<^vxt^»»*-«-Hy) —»"'+H«y •«•%** 

snm 4B^+24y'''='8 : 
or, snppreanng the accents, . 

which is iho equation to an dlipse whose axes are 2a8ss ^/S, 
and 25s:^^/2. 

JSffl). (8). Beqnired the latas rectum, and the coordinates 
of the yertexy of the parabola whose equation is 

Here A=l, B«-.4, Cs4, Ds-4, E=-2, FalO. 

B'— 4iAC being ssO, we cannot remove the origin. Lei 
ns, howeyer, turn the axes through an angle B sudh that 

tan 20b-x.=U.=3 s • 
A-0 8 

s S 



as 
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We haye tan Os|y ,\ sm 0^\ ^5, and 000 0s} y/i. 
Henoe^ patting | ^/Ss'— ^\/5/ for x^ 

the giren equation is reduced to 

5y^-2A/6a/i.lO«0, 

where (y«5, iy=-2-/5, I1'=0, PslO; 
benoe the formnla 

gives y'^^f^SCaZ-^S), 

showing the latos rectum 4asf ^/S, and the coordinates of 
the vertex —^5 and 0. 

Bx. (4). Trace the curve y=0-»'. :^ 

We have here s^+y— fl^^O. Substitute )f for and 9/ 
fory; then 

where 0'=1, D'«l, E'«-l, P=:0; 

henoe the formula in the preceding example gives 

now replacing / by and x' by y, we have 

(•-*)•— (y-i). 

which IB the equation to a parabolai having its aads parallel 
to that of y, the coordinates of its vertex ^ and \^ and its 
latus rectum 1. 

Ex. (5). BQssI is a horizontal line, and DOs^ a perpen- 
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dieolar erected upon it. A cord OPQ, fixed at 0, is drawn 
oyer the point Q, while at P a weighty freely snq^ended, 
dides along the cord. Beqnired the Iocob of P. 

Let the coordinates of Q be ONbbI, QNsjp ; and let those 
ofPbeOM«s,PM»y. 

The triangles 0PM, EPQ being similar, ^»^^> 

thatis, lz:!?«t=2, 

y 

or 2a^— jw^fyasO. (1) 

Here AbO, Bs2, 0^0, Da ^j>, Es— I ; hence %b^2» and 
h=i^; andifwepntfl^+^Jfora^ and/+ipfory,wehaTe, 
bj sobstitation in (1), 

which is the equation to an hyperbola whose asymptotes 
are the axes of a and y, and in the present instance 
rectangular. 

Accordingly, since ^^ps^ON'QN, the locus of P is an 
equilateral hyperbola whose centre is C the middle point of 
the diagonal OQ, and its transrerse axis A'A maVing with 
DQ an angle QFAcs45^ 



EXEBCISBS [O]. 

1. Shew that the equation Zxy-^4a^a^ will become 
0*— 9y*=B2a*, by turning the axes through an angle whose 
tangent is 8. 

2. The equation to a rectangular hyperbola being 0'— y^ 
ssa^ ; transform that equation by turning the axes in the 
negative direction through half a right angle. 

3. Find the locus represented by the equation 

4b« + 12«y + 9y*— 1 sbO. 

4. Find the axes of the curve 0*+fl^-f y'^rl. 

5. What is represented by the equation 

9«*-802y +25y*+21«-35y + 10s:0 P 
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6. Determiiie the axes of the curve which is the locus of 
the equation 

7. What is represented by the equation 

8. Determine the nature and position of the onrre repre- 
sented by the equation 

«>—2ay+y*— 8»+16«0. 

9. What is the geometrical construction of the following 
equation: 

10. Find the axes and position of the curve represented 
by the equation 

&B*— 2j»y + y'— 48 + 2y — 8ss0. 

11. The base of a triangle is ^2n^ and the difference of 
the angles at the base is SO^. Find the locus of the yertez. 

12. Shew that the lines drawn from the angles of a 
triangle perpendicular to the opposite sides meet at a point ; 
and that the locus of that pointy for all equal triangles on 
the same base» is a parabola whose latns rectum is the alti^ 
tnde of the triangle* 
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[B]. 

1. 70+8ysl9. 2. 19iB-lly»182. 

8. 80aB7y: and &B— 7y«Bll. 4. 3i«^5y=20. 

5. 109y|-(448±805v^>-5(1102±805V3)=0. 

6. 20. 7. 85. 9. f 10. 4B+5y»0. 11. 1883^. 
12. 888. 18. Taking («', yO for P, and (aC, /O for Q, 

area=K«"/-«'y*) J OP. OQ. PQ. -18, 15, -»'58. 

14. (2, 8), (5, 2), (- 8, 28) ; ania-d2i. 16. y-|»+« ; 
DB ia panOlel to AG. 16. (a'-a)y— (y-l>-a'» 
+0^=0; and (a'— a)y+(('-(>-a'y+a&=0. 

17. The eqn. to OB is sasO ; QB, 4y-8a!«s56 ; 

PB, 59+12ysl68; areaofparal*Bl68. 

la ys— 8s+9; 8yaB«+7; ya— 8iv+U; 8yns+12. 

19. 891»4-187y«i2184. 21. tan CABam'; tan. CBA 



m— m' in 



s-m: tan ACB« ^ ; AB«-: 
• l+nm" «• 

[0]. 

1. The radioB and the coordixiates of the centre are, (i.) 7; 

3and4; (iL) 8; -laiLd-2; (m.)4v^5; 8aiid9; 
(iv.) ^h ; -J and 1. 

2. (i) (6, 8) and (-8, -5) ; (iL) (2^, ^5f ) and (-3, 6), 

8. (i) The line is a tangent to the circle at the point 
. (f , — ^) ; (ii.) The line meets the circle at the point 
( — ^1, 0), which is an extremity of the diameter in the 
aizis of «y und at the point (— ^r, """If)* 
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4k (L) Origin <m the circnmf. ; points of intersection (24, 
10), which is an extremify of the diam. through the 
origin, and (8*84^ ->5*12), (ii.) Points of intersection 

(6, -^), (4, -6). 

S. y-lBm(a-a)±o^(l+m>). 6. 82. 

9. The centre is on the axis of « at .^^ a firom the 

m*— 1 

2itt 
origin; the rad«s_ — ^ax coordinates of points of 

«»■— 1 

intersection with the axis of m are xsa ^ , a ant 

m— 1 

m-l 

«= — -- a. 

ff»+l 

11. ««+y«=:2i. 12. »»+y*-a««c«-ia«. 

18. e«±iv«(a-5). 14. a«+y«--|l^^(»-my)«0. 

1- (i.) i ; (ii.) t VlO ; (iiL) «. 2. s=ri ^2. 

8. 1^ and | ^^15. 4. y +00*^ - . 5. 21 and 15. 

10. 8y+ V&B— 9aB0 ; the intercept on the axis of y is 8a ; 

9a 
that on the axis of is -=- ^5. 

o 

[E]. 
2. «s^ •lO ; lat. reot«3a. 5. 3-^-!. 

7. An hyperbola, if N be between A and B, and be not the 
middle point of AB. If ' K be on AB prodnced, the 
locos is an ellipse. 
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L An angle whooe tangent is i. 2. |a. 8. 5a. 

5. 8a^/2• 6. A parabolA of whidi a tangent to the 
oirole at A ia the directrix, and the centre of the circle 
ia thefoona. 

[G]. 

2; gfi^Es^aK 8. Two parallela, each inchned to the axia 
of (0 at an angle whose tangentas— |-, and whose dia- 
tance firom each other ss±^^/ 18. 4. Axes of the 
ellipse, 2ass} ^6, 2h^2 v^2. 5. Two parallela whose 
eqns. are y=:|<0+|- and y=s jd}+l. 6. Azea of the 
hjperbolai 2as2'v^2, and 2&ss2. 7. A rectangnlar 
hyperbola^ each Bemiazi8s2^ 8. A parabola; the 
coordinatea 1(^2 and — ^/2. 9. A parabola; latna 
rectimisv^2. 10, An ellipse; the coordinatea of 
the centre ^ and ^^^ and the azea ljv'2+ V2 and 
liv'2-.^2. 

11. An equilateral hyperbola whose azea are each ■B^^2fiy 
and whose transyerse azia makea with the baae of the 
triangle an angle b80^. 
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APPROVED SCHOOL-BOOKS 

By the Rer. JOHN HT7NTES, MA. 
NEW SHILLINO ARITHMBTIC; a Treatise for Be- 

fiim«rt, datlgnad to momote intalliirtnM aad Kxpa rtn t u la the AmdicaUon of 
Qi* BMt Mooirn M«tiiodt of OaloolAfeion...«^».^.^...«.^».M.MUiBo. It.— Kit, U, 

A MANUAL of SHORT METHODS in ARITHMETIC } 

dMigBod for the tTto of Boliooli, and to ficflltMO tho Arithmetieal Oaloalatioiia 
of BmlnoM and SoImum. With Aiuirtn... •..«M.«««.M......ltiiio. U, 6tf.— Kn, t«. 

MODERN ARITHMBTIC ; a Treatise adapted for School 

Work Mid for Prlvato Stadr, oontatailAff aamoroaf improremonta in aid of tho 
Pnyantioa of OoadMoteiTof PttMio BTMnlnationi. ........Uiiio.9t.6d.— Sir, («• 

SOLUTIONS of QUESTIONS in ARITHMBTIC and 

BOOKKBSPINO mod ia (ho Oiril Sorrloo BzamliiAtloni, oad pablishod in tho 
▲ppondlz to tho BnffUih Boport of tho OonuniHionont with o Soppliiiivt 
oontoiaiag Kr i inpl oi m Aooonnt«8ti t ei, to. ^^^^^^^^^^^».li6mo.U.td, 

The ART of SOLVING PROBLEMS in HIGHER 

▲BirHlfBTIO ; with o Ohavtor oa tho Arlthnetio of Lotitado oad Loagitado. 
A Troinlaff Book for Boalor Bohoolboya and for Bzamiaation Oaadidates. With 

AaSWOn .M ... M.*Ma M. ...M. •«• M. M. .M M.«... ..• ... .M ... M. ...CM. M. WJfwWik 0*0. H* OWa^'JL VTl W$t VO« 

SELF-INSTRUCTION in BOOKKEEPING; a Treatise 

BxploialagSimplj.oad byannorooi Bramplm, tho Prinoiploi oad PraotiMof 

tho olaclo oad DoaUo Batry .■»»w»....««m»»....»m«m».....»w«.«...«........«»»»w «.«».. .—.MUifto. w* 

STUDIES in DOUBLE-ENTRT BOOKKEEPING, for the 

mo of Ooadidotoi, ladadiair Prirato Jooraal and Ledgor i aorriag to oxplaln tho 
ohiof diflloaltioa oooorriair ia Modera Bzaialaatioa Papon. ^..^.......Orowa 8fo. U. 

PROORESSIVB EXERCISES in BOOKKEEPING by 

DOUBLB BMTBT, iadodiaf Aoooaafr4tatoa« Partaonhip Aoooaata, Prirato 
Jooraal aad Lodiror. Aa... ^....^..............ISmo. 1«. 6d.— Kar. U, 6d. 

EXAMINATION-QUESTIONS in BOOKKEEPING by 

DOUBLB ENTBT, prooodod by foil Dirootloai for tho Tnio Stotiaar of Dr. and 
Or.— 'Itmo. prioo l«..MM..M...M.M.M..w.Mm.M....M.«...Or with tho Aaawnait ltnu>. i», M, 

SUPPLEMENTARY BOOKKEEPING by DOUBLE 

BKTBT t a Oonno of lastraotioa ia tho Hirhor Formt of OiTil Senrioo Ezami- 
nadoa, iaolndiag aa ample rariotv ut iUutratioa rolatire to Jonraal Abridgment, 
Joint Speenlation, the Dixtlnotion of Trade aad PriTato Ledger, tho Treatment 
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nadon, iaolndiag aa ample rarietv ut iUiutratloa relatire to Journal Abridgment, 
Joint Speenlation, the Dixtlnotion of Trade aad PriTato Ledger, tho Troati 
of Wrong OeUta aad Crodita, aad tho Booka of OoT.oramont Dopartmoau. 

— OrowaSfO.Sf. 

RULED PAPER for the yarious Forms of Account-Books 

roqnirod ia Huana'a Bxamiaatioa-QooatiOBa ia Bookkoopiag, 6 aorta, prioe 
U, 6d. per ouiro. 

An EAST INTRODUCTION to the HIGHER TREATISES 

oa tho COM 10 BBOnOllS H..M.M.MM.M..MM..M.M....W..........«.MUhB0.S#.6d.'*~KBT, St. 

COLENSO and HUNTER'S INTRODUCTORT ALGEBRA, 

with aa Appondii of New Bzamplea............».».....18mo. prioo U, ed.— Xar. U, td. 

ELEMENTS of PLANE TRIGONOMETRT; with nmnerous 

Probloma, Tahloa* a Bxerriaea ....M.M.......MM.M..MM.M.M.M.M.M.M.M.]8nio.l#^^KBTtM< 

ELEMENTS of MENSURATION, with numerous Problems 

iBxoroiioa ^^^^^^^^^^^^^^^^^^lBmo.U^Kmt,U, 
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APPROVED SCHOOL-BOOKS 

B7 iha Bar. JOHN HUNTEB, M.A. 
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8HAKSPBARE*S PLATS, with Explanatory and Illua* 

tntlTe Hotat, Oritloal Banuurln, ftad otber iLidt to • thoroufh uidet* 
■tandiiiff of M» Plaj ••• •••Orowa 8fo. pviM Ova SaiiAiva aaoh Plcy. 

lOLTOirS PARADISE LOST; with a Prose Paraphrase, 

flM PaniBf of tiio moro DiAenU Wogdt, SptoJmtm ol A nalyifi, 4 naaoroM 
Votes. Books L to T.prioei«.eM]b 

EXAMINATION-QUESTIONS for Middle-Class Candidates, 

OB dM FIB8T TWO BOOKS of HIIiTON'S PABADiSB LOST^ pcioo U. and on 
BHAKSSPBABB'S MSBOadJrT tf VMinaB^ prioo M. 

BACON'S ESS ATS ; with Critical and Illustratire Notes ; 

•ad aa BTamglo with Aanwvn of aa Bsomlaattoa-FftpMr on the Bauji. 

OfovaSTO. prlootfaCd. 

HILTON'S SAMSON- AQOKISTES and LTOIDAS; 

with Notts OTptolning poooliMrifelM of Chrsiaaiar. Oiotioa«ao* ••••••*«ltino.U« 

MILTON'S COHna, r ALLEGRO, and it PENSE- 

MOMO, irtthSotM ^..........^........•..•...•..••••.•..^••••••••.•••.•..Ilmo. U, 

MILTON'S ARCADES and SONNETS, niA Notes. 

ltaio.U. 

POP£*S ESSAT on MAN, edited with Annotations. 

Fop.8f0.1c.M. 

BPES8ER'S FABBT QUEENS. Book I. OontosL-Vl. 

with BotM... • • • Umo. St. 

JOHNSON'S RASSELAS, with Introductory Remarks 

BfplonstotyadQfamiaattosI AnnotottoaSa ho. Umo. It. M. 

TEXT-BOOK of ENGLISH GRAMMAR; Etymology 

ud.STntu, PanlBff, aad Fanotostion, Yooabnluy and BaglUh Oraaunatlool 
BibUogxaplv .;• ..«• Umo. St. 6d. 

EXERCISES in ENGLISH PARSING 12mo. 6^;. 

PARAPHRASING and ANALTSIS of SENTENCES, 

■Impliflod for the nee of SehooU, fonaiac a Maaaal of Inetrnotion and Bzerolse 
for the aee of Stadeate. Teeeben. ho • Uao. It. M.— Kst, It. 14. 

SCHOOL MANUAL of LETTER-WRITING; Models of 

I«ett«re on Ooauaeraial aad other Sabieotei with BzereiMe in Bpiitolary Oom* 
poeitioBa Btalinetioae of ▲btoreviated xitlee, Oommeroiel Terme. ho. ISiao. it. ed. 

MODERN STUDIES in INDEXING and PRfiCIS of 

OOBBBSPONDBHOB, for thejue of OitU Serrioe Oaadidatei Umo. a^.6d, 

INTRODUCTION to the WRITING of PRfiCIS or 

DXOBSTS. M eppUeoble to MerratlTee of Ftoete or Hiatorioel BToate, Oorreftpoad • 
BvidiBeOa OflMal Dosamoate, h Oeaoral Ooaipoeitloa aalSmo. Iti— XaY« It • 
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TEXT-BOOKS OF SCIENCE. 

A SERIES OF ELEMENTARY WORKS ON SCIENCE, 



MECHAlillOAL AND PHYSICAL, 

Adapted for the me of Stndente in Pablie and Scienee Sehool*. 
Fall/ illnstnted with WoodeoU. 



ABNEVS PHOTOGRAPHY* 8«. 6^2. 

ANDERSON'S STRENGTH OF MATERIALS, St. 9d. 

ARMSTRONG'S ORGANIC CHEMISTRY, 8#. 6d. 

BALL'S ELEMENTS OF ASTRONOMY, ^ 

BARRYS RAILWAY APPLIANCES, 3#. 6d. 

BAUERMAN'S SYSTEMATIC MINERALOGY, 6#. 

BAUERMAN'S DESCRIPTIVE MINERALOGY, 6$. 

BLOXAM AND HUNTINGTON'S METALS, 6i. 

GLAZEBROOICS PHYSICAL OPTICS, 6«. 

GLAZEBROOK & SHAWS PRACTICAL PHYSIC& 6«. 

GORE'S ELECTRO-METALLURGY, Ss. 

GRIFFIN'S ALGEBRA AND TRIGONOMETRY, St. M. 
NoTBS, 8j. 6i. 

JENKIN'S ELECTRICITY AND MAGNETISM, U. ed. 

MAXWELL'S THEORY OF HEAT, S#. ed. 

MERRIFIELD'S TECHNICAL ARITHMETIC, Z$. W. 
£nr, 8#. 6<2. 

MILLER'S INORGANIC CHEMISTRY, Zs. M. 

PREECE AND SIVEWRIGHTS TELEGRAPHY, 6f. 

RUTLEYS PETROLOGY, or Stadj of Boelu, 4$. 6tL 

SHELLEYS WORKSHOP APPLIANCES, 4«. td. 

THOMl^'S STRUCTURAL AND PHYSIOLOGICAL 

BOTANY, 6#. 

THORPE'S QUANTITATIVE ANALYSIS, U. 6d. 
THORPE & MUIR'S QUALITATIVE ANALYSIS, 8«. 6^;. 
TILDEN'S CHEMICAL PHILOSOPHY, 8#. M WithKsr, 

UNWIN'S MACHINE DESIGN, 6#. 

WATSON'S PLANE AND SOLID GEOMETRY, Z$. ^ 
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ASTRONOMY. Bj Bonurr Stawsll Baxx., LU). F3.S. Andrawi 
ProC o( Asmn. In the UdW. of DnbUa, uiA Aojal Afltnaonar, Inbuid 
WithAlDiacmiM. Price UM. 

BOTANY, OUTLINES OF MORPHOLOGY AND PHYSI- 

OLOOT. By W. B. MoKab, M.D. ProfatMr ol BoUay, Boyel OoUegt oC 
SokaoefDrlreUuid. With 42 Biesnuok Ptleel^.M. 

BOTANY, OUTLINES OF THE CLASSIFICATION OF 

PLAirra. Bj W. a. HoNab, M.D. Protaeor of itoteay, Boj»l Oolkge of 
SdenoeforlielMid. With 118 Dtegnae. Price U.6A 

GEOMETRY, CONGRUENT FIGURES B/ 0. Hakbicx, 

PhJ). P JUS. PtoCeieer of Mathemetici, TJniTtnitf OoDflge^ Londoiu With 
141 IMeCFKBU. Price UM. 



HYDROSTATICS AND PNEUMATICS ^yP&iLipMAoinrs, 

BJBe. BJL Anther of * LeeMiae in Blementeiy Heoheaici»' Joiat-Bdltor of the 
flariee. With 79 Di^pnune. Price U. 64. (To be hed eko «»«* Atutotn, 
price tf.) 

%• The Woilnd ScloUciii o< the Frotkm», prioeSA 

The LAWS of HEALTH. B7W.H.CoRnxLD,MJLM.D.FJt.0JP. 
ProC. c< Hygiene end Pablto Ueelth, Unir. OolL LoncL Medical Offlcerof 
Beelth for St. Oeoige'e, HenoverliqttMe. With SS DieiprMne. Price I4.61I. 

MECHANICS. Bj Bobbbt Stawbu. Baxx, LLD. F.BJ3. Andrews 
PkoL of Aetion. in the UniT. of Dnhlin, And Bojai ijtronoBier» Irelnnd. 
WttbMDiagnmi. Price 1a 6d. 

MOLECULAR PHYSICS AND SOUND. B7 Fsbkbriox 
OoTHJUXp Ph.D. F.B.& PmfeMoroC Phjitce, Aojal Sohool of ICinci. With 
•UMiOMna. Price U.M. 



THERMODYNAMICS. Bj RiOHABDWoBMiLL,M.A.D.Se. Head 
iCaeter of the iflrtilt flew Oorpontloa ftrtMHiL LwidftB. With 41 Diagrama. 
Pkice U.M. 

ZOOLOGY OF THE INVERTEBRATE ANIMALS. By 
AxxuMBEM JlAcAunrsB, ILD. Pntenr of Soologff Vnivenitjef Dnhlin. 
WlthMDiagnne. PriceUM. 

ZOOLOGY OF THE VERTEBRATE ANIMALS. Bj 
AuoEAMDn ICAoAuflTiH, ICJO. llof^iier of Zoology, Univareitj of XHibUa. 
WithfrDiagraBM. PrieeU.«il. 
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English Beading^Lesson Books. 

<IlliMtnted Readers in ZtfN^maiu' J/M«n» iScrfti ^ 

latrodnotory Primer, pp. M, with S8 Woodoutt, fop. 8to. prioe Sd. lewed. 

Poorteen Reediag-SheeU from the Primer, U. Sd. per Set. 

Primer, pp. 66, withSS Woodonta, ScL sewed, id, eloth. 

.Book L (Standard L) pp. 1S8, with 66 Woodonta, cloth f^ 

/Book XL (Standard 11.) pp. 148, with 46 Woodonta, oloth M. 

Book IIL (Standard UL) pp. 192, with 90 Woodonta, doth U. 

Book lY. (Standard IV.) pp. KM, with 70 Woodenta, eloth iJuSd: 

Book Y. (Standard ▼.) pp. SS4, with 64 Woodonta, doth U. M. 

Shakespeare's JuUm Ceetar, Notes by T. Parry & Woodonts, 12mo. U. 

Sdeotions from Shakespeare's /«<tiM CteMi*. ISmo. M. 

Shakespeare's MerchaaU of Fenioe, Notes by T. Parry dt Woodonta Uao. .. Ij^ 
■' Selections from Shakespeare's Uerehant of Venice, 12mo J^ 

Shakespeare's ir<n^ JMii, Notes by T. Psrry ds Woodcuts u, 

SdeotionsfromShnkespeare'si?<ii9<^eA«tl2mo. S4L 

fahakespeaiePs OorioUtnus, Notes by J. W. Allen St Woodonts^ fop. 8to. . . . • U. 

Swift's OnlliTcr's TraTels, Lillipnt and Brobdlngnag, Notea by Parry e 
14 Woodcuts, 12mo. it, 

ICacaulay's Essay on Warren Hastings, An notated by a Hales, ISma .... la. 6tf« 
'Brassey's (Lady), A Voyage in the * Sunbeam,* arranged as a Beading- 
Bode, Illnstrated, ISmo. Si 

< Zsbister^iPirst Steps in Beading and Learning, 12mo. U»$d» 

Laurie it Morell's Graduated Series of Beading-Jiesson Books. Bdited by J. 
D.HoreU:— 

Blementary Beading Book or Primer, ISmo. M. 



Book y. oomprahending Bead- 
ings in the host Bngliah 
Literature, pp. 486 .4 SfcM. 



BookLpp.144 Sd, 

BookILpp.S64 Utd. 

Bookin.pp.612 IS.UL 

Book IV. pp. 446 is. 

M'Leod's Beading Lessons lor Infant Sdkoola, 60 Broadside Sheets 8fc 

— Pirst Sehod-Book to teaoh Beading and Writing, ISmo. ••• Sd. 

— Pi*A"^ fff' * r*'-^^***^ *t ♦****! ^ptPing f nd Reading, IBmo. • M. 



8 Sehool-Books published by Uessrs. LongmfoiB ft Co. 



A Hole^ Zntrodnotorjr LMMm-Book, ISmou 

— Onid« Lenon-Book Primer, erown 8to. 

— OndA LeMon-BookSi in Six StandMrda, ISmo. 



The Fourth Standard, pp. 9S4 
The Fifth Standard, pp. SS4 ., 
The Sixth Standard, pp. S60 ., 






The Fint Standard, mn 19S . . 9d. 
The Second Standard, pp. 180 M. 
The Third Standard, pp. 160 M. 
Aaawen to the Arltfametioal Bxeroisee in Standards 1. 11. and m. prioe 

4d. in Standard IT. prioe 44, in Standards Y. and YL 441. or complete, 

price U.Stf. 
8alliTan*k Uterary Olaw-Book ; Readings in Bnglish Ltteratnre, fop 

Writing Books. 

bblster*k Three BngrsTed Aooonnt Books, oblong 4toi. ..each 

Johnston*^ CiTil Serrice Specimens of Oopying ICSS. folio 

Tkbnanh*s Copj-Books in Lomgmani Modem SerUi, the Set of Thirteen 

Gopy-Booln, price each 

*•* Am. BditionoC these Oopy-Books can also be had in etifl oorers, price Sd. 

School Poetry Books. 

Raton's Poetical Reader for all Classes of Schools, fop. ........1. U. 

Booth s Poetical Reader in Longtnanf Modem SeHetf fcp. <to. with 

nnmenms Woodcuts, iJi M. doth, or with glit edges S«. 

Byron's Chllde Harold, annotated by W. Hiley, MJL,fop.8To. lA6d» 

0«idmnith*s Deserted Tillage, an<l TraTeUer, with Moiss by W. M'Lsod, each 

Poem, 13mo. •••...••.«..•••. •.•.•...•..•••..•••.•.•..••.....•.. u. 6a» 

Bttghes's Select Spedmens of Bnglish Poetry, ISmo. U,9d,^ 

Hvnter's Plays of Shakespeare, with Bxplanatory Koteo, each Play 1«. 
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A1V9 WeU that Bnds 

WelL 
Antony and Cleopatra. 
As Ton Like it. 
Comedy of Errors. 
Coriolanns. 
Cvmbeline. 
Juuniet. 

Henry IT. S Pwtf. 
Henry T. 

Henry TI. S Parts. 
Henry TUI. 



Jnlins Onaiwr. 

King John. 

King Lear. 

Lore's La))oiir*s Lost. 

Macbeth. 

Measure for Measure, 

Merchant of Tenioe. 

Merry Wires of 

Windsor. 
Midsummer NigrhVs 

Dream. 
Much Ado about 



Othello. 
Richard 11. 
Richard IIL 
Romeo and Juliet. 
Taming of the 8hrew» 
The Tempest. 
Timon of Atheniu 
Troilns and Oresslda. 
Twelith-Night. 
Tti'O Gentlemen of 

Terona. 
Winter's Tale. 



Nothing. 
1lheenlay*s Lays of Ancient Rome, with Irry and toe Armada, Popular 

Bdition, with Illustrations by George Scbarf , fcp. 4to. 9d, sewed, U. cloth. 
Ifneenlay^ Lays of Aneient Rome, with Irry and the Armada, with Explan- 

alMry Notes, fop. 8to. 1«. sewed, 1 j. 9d, doth, ; or {JSekooi /Hss £diHem) , 

Si» id, bound in eloth extra, with gilt edges. 
jriJsod^ First POeUcalReading-Book, fcp. 8TO. •& 

— Second Po«tioal Reading-Book, fcp. 8T0. l4i.8d.. 

VflteA^ Sameon Agonlstes and Lyeidan, by Hunter, 19ma U. 

— Oomus, L'Allegro and II. Penseroeo, by Hunter, Umo U. 

— Psradise Lost, by Huhter, L to T. Is. each. 

• — Paradise Regained, by Jerram, 18mo. St,9d^ 

FopetSmay en Criticism* Moral Bssaya, by Arnold, fop. 8T0. l«.6d.. 

8«0«t'k Marmion, by Morris, ISmo. St,9d^ 

T^Mli'sFootiylorBepetltlon, comprising SCO short pieoes, 18mo. U.8d^ 

_^_ • • • • ■ , 

Efiglish Spelling Books. • •• • 

Je^nsoa^ CIHI flenrioe SpeUlng Book, fop. Ij^SiI.. 

^•wemilHetationBxerdseii, First BerieMSmaU SeoondSeries U,9d, 

JMllHtti*is Spdltog-Book Superseded, IRma li.4d^ 

— Words Spelled la Two or More Ways, 18BM. lOd* 
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Bngliih Language & Literaiwre^ ^c. 

Anoid*h Bngtiih Poetiy 4 PiOM, erawB 8to %»• 

— lUniial of Bnfliih literatim, orown 8to. T&Cd. 

SAtn*h Fint or Inteodnctory Bngliili Gimmnuur, 18mo. .' Uitf. 

— HigliorBiiglli]iOi«mimur,foii.8TO. U,UL 

^ Oomponton to Kngitrii QrMninT, erowB 8to. ti.6^ 

Brtwor^ Oaldo to Xnglish Oompotition, foil. Sto. ti.M. 

Ou!ipbeU'{iBnglteliWord4Stady,fop.8TO. U.6d. 

Xdwazdi*! History of tho Bngliah Laagoago, with BpoeimeiUp ISmo. M. 

Vumurli I^agiugo Mid Luignagoi, orown Sra U. 

Vtomlng^ Analyiis of tbo Baglith Luigiuigo, orown 8T0. S«. 

<}nluun*i B&glldv or tlio Art of Oompooition Biidainod, fop. 8to. Ia 

HOoy^ Bngliah OrtminAr ukd Stylo, ISmo. •• tt,id, 

^ . -. AbrUgod, 18mo. UM. 

— Ohi]d*B FInt Bngllth OnmmAr, 18ma / U. 

— BztroiiOi adapted to bto Bnglioh Onnunur, ISmo. .... S«.M. KoyteM. 

— Pnotioal B&gUah Oompoaltloo, Fart 1. 18mo. U.6tf. Ktj SM,%d, 

— — — — Part IL 18mo. 8«. Key 4«. 

Hvntor^ Toxt-Book of Bngliah Gramiiiar, ISmo. it,M, 

— Hannal of Lattor-Writiiig, ISmo. UM. 

Ifeblftorii Bnglteh Oraimnar and Oompooltion, ISmo. U,9d» 

— First Book of Orammar, Ooograpby, and Hiatory, 12mo. 9d, 

Jobniton** Bngllah Oompoaition and Baaay-Writing, post 8to. 81. 6d. 

Latbam's Handbook of tho Bnglisb Lsnguago, orown 8to. U, 

— Blementary Bnglisb Oranunar, orown 8T0. Si.64f. 

LowrsaHi Grammar of Bnglisb Oranmiara, Ifmo. tt,U» 

XacanlAy's Bssaya and Lays of Andont Roma, Antborised Bditioa, la 1 toL Si. U, 
lC*Laod*s Bxplanatery Bnglisb Grammar for Beginners, 18mo. M. 

— Bnglisb Orammatioal Deflnitiona, for Home Study, 18mo. III. 

yaroetis Willy's Grammar for tbe ose of Boys, 18mo. I«.6i. 

— Mary's Grammar, intended for tbe use of Girls, 18mo U. 

ICoraU's Bssentials of Bnglisb Grammar and Analysis, fop. 8to. M. 

— Grammar of tbe Bnglisb Language, post 8to. St. or witb Bxeroiaes. . Sa M. 

— Graduated BngUib Bxeroisea, poet 8to. 8<I. sewed or 9d. olotb. 
ICOrgaali Key to Horeirs Graduated Bxeroises, ISmo it, 

— Learner's Oompaalon to Moreirs Bnglisb Grammar, poet 8to. .... Ci. 

lffnrlson*li First Work in Bnglisb, fop. 8T0. ...^^ IcM. 

Tba Stepping-Stone to Bnglisb Grammar, 18mo. U 

BvUlTaa's Manual of Btymology, or First Steps to Bnglisb, ISmo. lOi, 

— Attempt to Simplify Bnglisb Grammar, 18mo. U, 

Paraphrcuing^ Pa/ning^ and Analysis. 

Hunter^ Indexing A Frteis of Correspondenoe, ISmo. U M. 

— Introdnotion to Prteis-Writing, ISmo. it, 

— > Parapbrasing and Analysis of Sentenoes, ISmo. Is* 8d. Key Is. M. 

— Progressire Bxeroises in Bnglisb Parsing, ISmo. M, 

— • Qneetions on Pamdise Losti Books L A U. ISmo. Is. 

— Questions on tbe Merobant of Venioe, ISmo. M. 

Johnston on Digesting Betams into Summaries, orown Sro. ]«. UU 

— OItU Senrioe Prtoia, ISmo. •Ii.ld. 

Jones*e Text-Book on the Analysis of Sentenoea and Parsing, fopw 8to. ...... Sf. 

Lowres's System of Bnglisb Parsing and Derlration, 18mA. .••.. ]«* 

Mondl's Analysis of Seatenesa Bxplaiaed and Syatematiaed, ISmo. |«. 

Moffsaa*s Tialaing Bxaadner, First Ooarso, 44, "Kaj, It, Soooad Coane .. U, 
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DicHanaries and ManudU of Etymology. 

OiahMnli Bnglirti SynonyiM, OlMillhMi and &cptoiaad, lopb Stbw ••.. <«• 

IfMBdv^ Befentifio aoA Ufcenry TnMory, fSop. 8to. <<• 

•— TnMory of Znowledgv and Libnry of Bttfenttoa, fopi 8fO. <«• 

8a]ltT«a^I>ietkMiM7oCtlMBiigUs]iLMigiiAgt,lSiBO.....k... 8«. 

<— Dietfoaaryaf Dflrt?tttiMM,orIntiodiiolioBtoBt7molOi7,foi»..«.. Sc 
^nwta^ Bni^iifa SjBonyiM, fQ^ 8T0. li. 

HngfaMl Beleot Bpeoimeni oC English Poetry, ISmo. t«. 64. 

Ubtota^ Uliutntod Pnblto Boboel Speaker end Boeder, ISmo. U. 6d. 

— LeeMMU in Bloontion, for Oirls, ISmo. l«.6d. 

— > OotUnee of Slocation, for Boys, limo. U.64. 

Millaid^ GiamnMr of Boontion, f cp. 8to. tf.64. 

Bowton*k Debater, or Art of Pnbllo Speaking, fop. 8TO. if. 

iaartli FnoUoe of BooatiOB, ISno. ..•• 4t» 

ArithmeUe. 

ArSthmette In Stren Standards, in LomgfMmi U*d€ni BerUtt^ 
StDtdaud I. lid, paper, titf. oloth ; Stakdards II. to Y. onob 9d, paper, 
M. eloth ; Stakdarim vI. 4t VII. M. each paper, 44. each cloth. 
Akswers, Standards I. to YII. price Sd. each. 
Qnarterly Arithmetical Teit-Oards in Lon{fmantf Modem Seriu:-^ 
flTAKDARDS II. to TIL in • Packots of S4 Cards, U, each Packet, in paper, 

or in doth • ..each 1«.S4. 

A]idenon*k Arithmetie for the Army, 18ma 1«. 

Oolenso*k Artthmetio designed for the use of Schools, ISmo. 4«.6d. 

Key to Ooieneo^ Arithmotio for Schools, hy Ber. J. Hunter, ILA* ISmo. • . • • A*. 

OolsBiols Shilling Blomentaiy Arithmetic, ISmo. U, with Answers. Ui 64. 

Arithmetic for National, Adalt, and Oommerolal Schools :— 



1. Text-Book, ISmo 64. 

Si BxamptoK. Part L Simple 
Arithmetic 44. 



6. Bxamplea, Part II. Compoond Arithmetic 44. 
4. Xxamples, Part IIL Fractions, DeoimiUs, 

Daodeeimals 44. 

•• Answers to Bxsmples, with Solutions of the diiBonlt Qneatioos .... 1«. 

Oolenso*s Arithmetical Tables, on a Card 14. 

Harris's Oradnnted Exercises in Arithmetic and Mensuration, crown Sro. 

S«. 64. or with Answers, 8«, the Answers separately, 94. Full Key 6«. 

HUey^ BecapitQlatory Examples in Arithmetic, 19mo. 1«.64. 

Bantei^Art of SolTingPiDblems in Higher Arithmetic ...... I«. 64. Ke7l;t.64» 

— McdeniArithmetieftirSchoolWorkorPriTateStady,lteio.t«.64.Key U. 

— New ShUling Arithmetic, ISmo. U Key Si. 

^ Short Methods in Arithmetic, with Answers, ISmo. .... 1«. 64. Key U, 

IsbiBlev^T7nitaryArithmetie,lSmo.l«. or with Answers U64> 

JohMtoa*kCiTiISerTice Arithmetic, J Smo. U.64. Key ii. 

— OiTil Serrice Tots, with Answers and Oross-Tota Is. 

IiddeU*s Arithmetic, ISmaU— or Two Parte ...each 64. 

Lnptcn** Arithmetic for Schools and Oandidates for Examination, ISmo. 

U. 64. or with Answers, U. 64. the Answers SQMrately, Is. ..Key 6s. 

— Examination-Papers in Arithmetic, crown 8to. Ij. 

V'Leod*s Manoal of ArithmetlOb containing 1,760 Questions, 18mo. M. 

— Mental Arithmetifl^ I. Whole Nnmben, IL FraoUons .....eaoh Is. 

— Extended MnltiplloatloB and POnee Tablea, 16mo. S4 

Morfffleld'a Tedbnioal Arithmatio and Mansnratioo, smnU tto. If. 64.. . . .Key Ui 64. 
liofhttt Mentia AzIthBMtiflb Itao. U or with Key, U 64. 
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Tite'k Tint PrindplM of Arlthmetio, ISmo. U.UL 

Thonioii'a Aiithnwtie, Tlid Bdit by tlkt Ajaituu*^ Sou, ISmOi U, <d... . .Ke;/ $9, 

Booh-ke^ngf JSeonomict^ tto. 

Hnntai^ BztreiMt In Book-kaeping by Doable Entry, ISma .. ..U. 6d. Xoy S«. 6<l. 
-* Bnmlnntlon-^Mtioni in Book-keeping by Doable Bntry, Umo. . . Sju €^ 

— Bxaminntion-QaesUoos Ae. M nboTe, Mperate from the AjiBwen .. Ic 

— Baled Fnper for Formt of Aoooant Booki, 6 eorto per qaire, U. 6d. 

— Self -Inetmotion in Book-keeping, ISmo. S«. 

— Btodlee in Double Bntry, orown 8T0. S«. 

— Bapplementery Book-keeping by Doable Bntry, orown 8T0.. Sc 

lebiiterli Book-keeping by Single end DonUe Entry, ISmo. ••• M* 

— Bet of Bight Aoooant Book! to tbe aboTe ....eeoh M. 

Ifaoleod'iBoonomioe for Beginnen, enull crown 8to. S«. 6«C. 

— Blemente of Banking, Bizth Edition, erown 8to. Sj; 

— Blementi of Soonomioe, S Tole. orown 8to. YoL I. 7«. €dL 

3011*1 Frinoiplee of Politloni Eoonomy, Peoplefe Edition, erown 8?o. ft« 

IflUer'e Beadlngi in Soeiel Eoonomy St. 

Boaeher^ Ueniozmtion, Plane end Solid, ISmo. *4*, U. Kqr l^^ 

Hiley*! Explanatory Uensaration, ISmo Sa. <dL 

Banter^ Elements of Mensaration, 18mo. ...!«. Key U. 

ICerrifleld*! Teohnioal Arithmetio & Monsantion, imall 8to Si; 64. Key Sa. M, 

Veebifk Treatise on Praotioal Mensuration, by Hanter, Umo. . . Is. 64. Key •#. 

Algebra. 

Baln'k Algebraloal Ttet Cards, 8 Paekeu, with Answers, Is. eadh paper pnokel 

Is. id, each, cloth case. 
CMensc^s Algebra, for National and Adalt Schools, 18nM. Is. 6d. Key Ss. 84. 

— Algebra, for the ose of Schools, Part L Umo. 4s. 6d. Key 8sk 

•« Elements of Algebra, for the use of Schools, Part IL 13mo. 8s. Key 8s. 

— > Ezampleo and Etjoation Papers, with the Answers, ISmo. , Ss,U. 

— Student's Algebra, crown 6to. 8s. Ksy 8s. 

OriiBnIi Algebra and Trigonometry, small 8to. 8s. 8«f, 

— Notes on Algebra and Trigonometry, small 8to. 8s.8tf. 

Londls Short and Easy Course of Algebra, crown 8to. ,U,9d, Key U, 8tf« 

Potts's Elementary Algebra, 8to. 8s. 8d. or in IS Sections, 8<l. each. 

Beynolds*s Elementary Algebra for Beginners, ISmo. 94, Answers, Id. Key Is; 

Tate's Algebra made Easy, ISmo. .t;'. Ss. Key 8s.8<i. 

Wood's Algebra, modernised by Land, crown 8to. 7s. 84. 

— — Companion to^ by Lund, crown 8T0. 7s.8ii. 

Oeomeiry and Trigatunnetry. 

Oasey% Elements of Euclid, BooK» L to TL with Exercises, fop. 8Ta 4<.8<i« 

•— — — Key to Exeroisse, fop. 8to. 8«. 

— Sequel to Euclid, fop. 8T0. Ss.8tf. 

OidensolB Elements of Euclid, 18mo. 4s. 8<{. or with Key to the Exercises .... 8s. 8d. 

— Geometrical Exercins and Key ••••• l«.8tf. 

— Geometrical Exeroisee, separately, 18mo. Is. 

— Trigonometry, ISma Pert L 8s; 8<l. Key Ss. 8d. Pert II.Ss.84l. Koy 8s. 

GriiBn's Elementary Treatise on Plane Trigonometry, crown 8to. Ss.td, 

Harrey'S Euclid for Beginners, B00X8 L 4 II. ISmo. Sf.M. 

Hawtiey'k Introduotion to Euclid, fop. 8T0. U.8d. 

Hnnterl Plane Trigonometry, for Beginners, 18mo. Is. Key 94, 

— Treatise on Logarithms, 18mo. Is. Key 8^. 

IsMster's School Euclid, ISmo. Book L prioe U Boon L A IL price U 84. 

Boon L to ZV. price Ss. 94, 
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JeuM*g Plane and Bpherkal Trigonometry, Umo. Fart L U^ Fart U. 4*. or 
tbe S Ferto in 1 ToL prtoa 8«. M. 

HoCSeUniMl * Freiton'a Bpberienl Trigonometry, Ffeit L crawn Sto. 4«. 

j PMta*aSnolid,I7niTeriit7]Sdition,8To. 10*. 

J . — Intermediate xaition, Books L to IV. U. Boon L to m. 8«. M. 

|- BoonLXLUM. BookLU 

« — Snnnoiationa of Bnolid, ISmo. M»' 

^ Saimon on Oonio Seotiona, 6th Edition, Sm. ....He. 

I TaWteFint Three Booki of Bnelid,18mo. M. 

I — DifEarential and Integral Oaloalna, ISma 4i,9di 

— Geometry, ICentnration, Trigonometry, Ao. Umo. t«.64» 

— Ptaetioal Geometry, with Ml Woodeata, 18mo U. 

Thomaon'k Flane and Spherioal Trigonometry, 8tow 4«.6tf. 

j Thomaon^ Diileivntlal and Integral Oalonlna. Umo i*.9d, 

Wama'a Elementa of nana Trigonometry, erown Sfo. 8«.<d. 

WataQii*ki Flane and Solid Geometry, small 8to..^ • I«.6«l. 

i WUUamaen on Diflerential Oaloalna, erown 8to • 10f.64i. 

— on Integral Oaloulni, orown Sto. 10«.64» 

I Wrlffht*! Blements of Flane Geometry, orown 8to. « U, 

Land Surveywig^ Drawing^ and Fractioal MathenuUies, 

« 

I Binns'a Orthographio Frojeotlon and Isometrioal Drawing, ISmo 1«* 

Hnlme*b WoriEod Qaei^iona in Geometrioal Drawing, super royal 8to 7«.8d» 

Ximberii Graduation ICatht matioa, 8to. U, or with Solutions, 6«. M. 

— Mathematical Ooone for the UniTersity of London, 8to. Us. 

To he had in Two Parts, U, 64. each. Key, in S Farts, 6«. eaeh. 

Uilbam'kllathematioalFormute for Candidates, post 8to..... 8«.64l. 

NesMfk Praotioal Land Sorreying, 8to U«. 

Salmon*! Treatise on Oonie Sections, 8Ta .....IS*. 

Winter*! IfathemaUoal Bseroises, post 8T0. .• 6<.6d. 

— Slementary Geometrical Drawing. Part L post 8to. !«. 6A ; PaJrt IL 6«.6d. 
KTrlgiey*! Bxamples in Fore and Mixed ICathematios, Sta 8i.64, 

Musical Warhi by John Hollah, LL.D. 

finUahls Met Aod of Teaching Singing, erownSro. Ss.64li 

— Bzsnises and Figures in the same, erown 8T0. ....U.orSPart8,6tf.eadi. 
Lwge Sheets, containing the Exeroisss in the same, Noa. 1 to XL. Fire . 

Fercela of Bight Sheeta each per Parcel 6s. 

ChromaUo Scale, with the Infleoted Syllables, on Large Sheet U. 6d. 

Oard of Ohromatio Scale • UU 

▲ Short Ttoatiae on the SUTO S«. 

Gnunmar of Musical Harmony, royal 8to. TwoFuts eaohl«.6d. 

Thcereises to Grammar of Musical Harmony !<• 

Grammar of Oounterpoint. Fart L super-royal 8^ro. • Si.6d. 

WOhsm*S Manual of Singing. FarU L * H. Sc 6«l. or together •«. 

Bnrdssa and Figurea contained in FarU L dt U. Books I. * IL eaeh 8d» 

Large SheeU to Wilh«m*s Manual, Part L Noa. L to YIIL in a Fuoel 6«. 

— — — . — DLtoZIfciPiuoelsof 8Kos...eaoh6ii. 

— — — — FurtIL ZLLtoUL U, 

Hymns for the Young, set to Musics royal 8to. •• M* 

Inihat School Songs M* 

Nototion, the Musical Alphabet, crown 8T0. 8d. 

Old BngUah Songs for Schools, Harmonised .'• M. 

Bndimenta fl< Mnsleal Grammar, royal 8T0. 8s. 

BehoelSoi«ilorlaBd8yoioea. SBook%8m each 64. 
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Longmam* Oeograpkiedl Beading Bookt, edUed hy Budler. 

latndaotory Book^ 17 BUwart^ lopb 8T0. 9dm. 

Phjiioftl Oaosnphy, bj W. J. Bttwut, Bnnpe Mid Amoioa (exdadiDg British * 

B.A. f op. 8to. M. PoMeMioM), by O. O. Obitholm, 

Tb* British Ukndfl, bj TbonMPUry, XJL B.fia F.li.0.a with i Maps 

U BA Mtd l« IliMtmyoM, lop. 8T0. Si. 

^Tht British Ooloiiios and Dopendondos, 

with 6 Maps and W Diagrams and 

XUwtratioii% fop. 8tow Sf. 

PoZt^icoi oncl Historical Oeography, 

- Awdiy^ Xikra HeUas : an OotUuo of Classical Qoography, orownSto M. 

Braasoy^ (Lady) ▲ Voyago in tho 'Sonbeam,* Sobool Xdition, fop. 8to. S«. ; 
Bohool-Frise Bdition, with gilt odges, U. 

Batlor'j Aaolsiit and l£odsni Goography, post Sto. 7s.UU 

^ Skatoh of Modsm Goography, post 8TO. ,.. 4s. 

— Bkatoh of Anoiont Ooography, post 8Y0. 4s. 

Hlloy*a ChUd's Tiist Oeography, ISuto. M. 

~~ Bltiaentary Qoography for Boglnneis, 18ino Is^M. 

Bnghflili Childii Tixst Book of Ooography, 18mo. M. 

— > Googxaphy of tha British Bmpira, for Beginners, 18nio. .•••• 

— Goneral Geography, for Beginners, 18mo. 8d. Questions, 84. 

— * Manual of Geography, with Six Coloured Maps, fop. 8T0. 7«.64C 

Or in Two Paru :— 1. Burope, 1$, 9d. U. Asia, Afrioa, Amarioa, 4ou 4s. 

— Manual of British Geography, fop. 8to. Ss. 

Johnston'k OonpetitlTS Geography o< the World, post 8T0. ••• 8s. 

— — — British Islos, post 8T0. U.td,' 

— — Intermediate and Goneial Goography Is. 

— 800 Questioos in (Geography, fop. 8vo. ls.S4L 

Johnston*ii (Keith) Gaaetteer, or <}eographical Diotionary, 8vo. ....•• 48s. 

lApton*s Ezamination-Papers in (Geography, crown 8to. Is. 

M*Leod*s Geography of Palestine or the Boly Land, ISmo. Is. tdm 

Maunder*s Treasury of Geography, fep. 8to. 8s. 

Btepping<fitone to Geography, ISmo. U, 

BulliTan'a Geography GeueraUsed, fop. Ss. or with Maps, 8s. $d, 

— Litroduoiion to Ancient and Modem Geography, 18mo. ......•.•• Ifc 

Fhysical Oeography a»id Geology, 

Enghea*8 (X.) Outlines of Physioal Geography, 18mo. 8«. Id. Questions, 9d, 

— (W.) Physical Geography lor Beginners, 18mo. Is. 

Xeith*s Treatise on the Use of the Globes, 13mo...... 77*. U,M. Key 8s. 64. 

Prootor*s Blemantary Physical(2eography, f op. 8T0t. Is. •«(• 

School Atlases and Maps. 

Butler's Atlas of Modern Geography, royal 8T0. .Km. M. 

. — Junior Modem Atlas, oomprising 18 Maps, royal 8to. ...••• 4s. M* 

— Atlas of Ancient Geography, royal 8T0.... ...ISs. 

— Junior Ancient Atlas, oomprising 18 Maps, royal 6to. ...4s. 

— General Atlas, Modem A Ancient, royal 4to. S8s. 

Public Schools Atlas of Ancient Geography, 88 entirely 2iew Coloured Mapa, 

imperial 8to. or imperial 4to. 7s. UL. doth. 

Outline Mapa of Greece and Palestine from the Same, Id, eaoh. 
PnUio Sohoda Atlas of Modem Geography, 88 entirely Kew Ooloored Mapag 
imperial 8to. or imperial 4to. 8s. cloth. 

Ten Outline Maps from the Same, Id. each. 
PnbUo Bohods Histoiloal Atlas, 101 Mapa and Plans (§8 Coloured) is. 
Poor Outline Mapa from the Sanw, Id, eadu 
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Natural History a/nd Bota/ny. 

lEdmondt^ Blomentaiy BoUnjt fop. 8to. Woodento it, 

Iiiidl«7 and Ifbora*! Treaamy of BoUn J, Two FlHts, fop. 8vo. ISi. 

JCMftUster's Sjttematio Zoology of Yertebntea, 8tou 10«.M» 

lUnader'a Treasury of NatnnU Hiatory, leriaed by Holdaworth, fop. 9wo,., . . <U; 
Owtnii Natnral History for Beglnnen, 18mo. TwoFiartaM.CMh,orlToL.. U. 

— SteppiBfr'Stoae to Katmml Hiatory, 18mo. S«.6<L, 

Or In Two F«rta«— L if««HM/te, 1«. IL Birdi, XepttUt, mmd FUku ..•• U. 

Woodii Bible Aainwla, Sro. 10«.6d. 

— Homoa withoat Haada» 8to. ....10i.€d. 

^ GommoD British Inaecta, erowB 8to. •• S«.€d. 

<— Inaeota ftt Home, Sto. 10if.6d» 

— laaeota Abroad, 8TO. 10t.U; 

■« Ont of Doon, down Svo.. ••••.••••••••••••....•••••••. •••.•«•••.•• §s» 

— Petland Bevtaited, crown 8T0. ..•••• 7*.€di 

«- StnngeDwellinga, crown 8To.i«. Popnlar Editioii, 4to. .'..•• 64^ 

Ohemutry, 

Aimatrang'a Organic Cbemiatry, fcp. 8T0. 8«.M.- 

Silica Introduction to Practical Organic Analyai^ fep. gro. ..* 1«.6A. 

! Jago*s Inorganie Chemistry, Theontical and Fractioal,fcp.gTo....M Sit. 

I X61be*k Inorganio Chemistry, by Hnmpldge, crown 8T0. 7s.9d- 

< Miller^ Itttrodnction to Inorganic Chemistry, fcp. 8to. t«.<i,. 

OdIing'sCoaiaeof Practical Chembtry, for MedisalStadenta, crown 8to..... U. 
Baynolds*! Experimental Chemistry, Past L U. 6(1. ; Past IL Si. M. ; Pabt m. U. ML 

> Tate'a OntUnea of Bzperimental Cbemiatry, 18mo. M* 

Thorpe'a QnantitatiTO Chemical Analyaia, fcp. 8Ta • it.$d, 

Thorpe and Mnir^ Qnalitatiire Chemical Analyaia, fq». 8td. tt.6d. 

; TOden** Chemical Philosophy, fcp. grow la. 6d. With Anawen to Problema 4*. 9d^ 
I — Practical Chemistry, Principles of QnalltatiTeAnalyaia, fcp. SrOi.... U,9d». 

Text'BooJes of Science^ Meehameal and Fhy$ical. 

Ahney^ Treatise on Photography, fop. gro. Si.6d.. 

AnderMm*8 Strength of ICateriala UicC. 

Armstrong^ Organic Chemistry U,9dm. 

I Ballli Bementa of Aatroncmy Cc 

[ Barry^ Ballway Appliancea , S«.M» 

\ Baiinman*fe Byatematic Mineralogy • 8a. 

; — Descriptire Mineralogy .• <«. - 

\ Bloxam and Hnntingten*^ Metala •«. 

Olaaebrook^ Physical Optica 8il 

Olaaebrook and Shttw'a Practical Phyaloa ft. 

Ooro*b Art of Slectro-Metallnrgy U, 

OrilBn*liA]gebn and Trigonometry (Nolaaaad8oivttMiB,8«.8d.) 8«.8dL 

Jenkln'k Electricity and Magnetlam 8a.8d!. 

^ Maxwell^ Theory of Heat tt.ttf. 

Merrlileld*h Technical Arithmetic nndMenanratlon (Eiey, la. CdL) t$.UU 

L MiUeili Incrganie Chemistry ••.., , ScldL 

Preeoo4Stinewrigfat*aTeIegniphy , f«, 

Bnttey^ Study of BochB,* Text-Book of PMnlogy ••... 4a.8£ 

I Shelley^ Workshop i^qrtlanceB it,UL 

Thomi^ Stmotonl and PhyaMogieal Botany 8a, 

Thorpe^QoantltatlTe Chemical Annlyels ..• ••.••••... 4a.8^ 

\ Thorpe and Molili QaaUtativii Analyria 81^841. 

TildanliOhemloalPhikwq^y. S1.8A With Answnlo PnUew ^•JL 

^nwiali BtenMBts of MaehfaM Design • ••.. 8& 

Owsetqr 8a.8A.. 



Sokod-Books published by Ueuri . Longmans ft Co. ^ 
Naiwral PhUosophy and PracticaC Scienu, 

Blonm tnd HantlagtOB*! Httalfli fop. tro. S«. 

2>ajF^ BxcrdMi in Xleoferioal MeMamneBt, fell. 8tou • U. Sd^ 

Downing't Pnotloal Hydnalios* Ftft I. 8to. C«.6^ 

XT«r«tt*t Yibntory Kotion Aod Sound, 8to. 7«.trf.. 

Chunot*! FbjBioi, tnuulated by Prof. X. AtklnMn, large erown 8to. • ..lAit. 

— Katoiml Philoaophy, tnnilated by tbe Mune, orown Sro. •..• T«. Sd» 

Oluabrook tad BhaWt PrMUcal Fhyiioi, f op. 8to. <«. 

Inrlng^ Short lUanal of Heat, fop. 8to. S<.6<i»- 

Jonkinlb Bleotrlolty and MagneUmi, f pp. Srob ••• 8«.Sd» 

lCaKwoU*k Thoory of Heat, f op. 8T0. ••.. S«.M^ 

Pxeeoe and Siremright^ Telegraphy, erown 8to. Ac 

Tateli light * Heatk for the UM of Beginners, ISmo. ......••• M» 

--i HydnMtatioi,Hydraalioi, AFneamatioi,18ma...... 9tL. 

— > Bleotrloity, explained finr the UM of Beginnere, ISma • fd*. 

— ICagnetinn, Yoltaio Xleotrioity d( Xleotro-Dynamioe, 18mo. M.. 

Treglohan'a ICagnetitm, 6d. eewed, 8dL doth. 

Tyndall't Leeaon in Bleotrioity, with 88 Woodcats, orown 8Ta •• S«. UL 

— Notee of Leetnzea on Bleotrioity, 1«. Mwed, iJL 6tf. oloth. • 

— Kotee of Leetoret on light, U. lewed, 1«. 6d. oloth. 

WUliaaiion tt Tarleton*a Blementary Treatise on Dynamioa, orown 8to. • . . .lOt. <<f.. 

The London Science Olcue^Booke. 

Astronomy, by B. 8. Ball, LLJ>. P.BJ3. It.6iK.. 

Botany, Mon^ology and Physiology, by W. B. MoNabb MJ> 1«. 6^ 

— the Olassifieation of Plants, by W. B. ICoNab, ILD. U 8d. 

Geometry, Oongment Figures, by O. Henrioi, P.BJ9. Is. M». 

Eydrostatios and Pnenmatios, by P. ICagnos, BiSo. It. 9d. or with Answers 

Ss. Worked Ksj Ss. 

Laws of Health, by W. H. Corfleld, MJL M.D. ued. 

lieohanios, by B. & Ball, LL.D. F JU3 1ji.8cC 

Praotioal Physios : Molecular Physios and Soond, by F. Guthrie, F JLS. ...... U. UL. . 

Thermodynamios, by B. Wormell, ICJL D.So. ••. u. itU 

• Zoology of . Vertebrate Animals, by A. McAlister, M.D. uetf.. 

Zoology of Invertebrate Animals, by A. MoAlister, ILD. U.M. 

Meehanies & Mechanism. 

Barry's Bailway Appliances, fop. 8T0. Woodcuts «... 8«.6dL. 

GoodeTe*s Elements of Kechanism, crown 8to. ••. • 6s. 

— Principles of Mechanics, orown 8T0. ..^ 9t» 

lCagnns*s Lessons in Blementary Mechanics, fop. Bro, Z*. ^dU 

Shelley's Workshop Appliances, small 8vo. • 4s.6d». 

Tate's Elements of Mechanism, ISmo. S«.8d».. 

— Exercises on Mechanics and Natural Philosophy, 13mo Ss. Key 8«. 6d» 

— Mechanics and the Steam-Bnglne, for Beginners, 18mo. 8tf^. 

Twiaden's Introduction to Practical Mechanics, orown 8to ...lOcS^U. 

— First Lessons in Theoretical Mechanics, crown 8T0. ......•• 9t,9d^ 

Fopula/r Astronomy & Navigation. 

Ball'to Elements of Astronomy, fop. 8to •••• 8s. 

BrinUey** Astronomy, by Btubbs dk Brunnow, orown 8to. 8«. 

BTerB** NaTigation dt Great Circle Sailing; 18ma U. 

Hersohel's Outlines of Astronomy, Twelfth Edition, square orown 8to.. ..... ISi^ 

J^ans'k Handbook for the Stars, royal 8T0. * 4s.8dL 

— Navigation and Nautical Astronomy, royal 8T0. Part L /VsKflsaJ; 7s. 6tf. 

Pisrt n. ThioreUealt 7«. 6d. or the S PSfts in 1 ToL price 14«. 

Ximber'S Blementary Astronomy, 8T0. • • Ss.8<l.. 

iMighton's Nautical Surreying; fop. 8to., Is. 

Ksnifleld*! Treatise on NaTigation, orown 8fOi. 8s. 
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Jltootort L ewoM In Bleaatatary Aitronomy, top. 8to. • * .1«.M» 

— Libnury Ster AtUg f olio lis, 

— New Btar Atlag for Schools, crown 8T0. ..••. Is. 

•Stepping-SUmc to Astronomy, 18mo , U. 

"T»to*s Astroooaiy and ths nss of the Globes, for Beginners, ISmo. ML. 

If •hM Oelestlnl Objects fte Common Telescopes, crown Sto. Is. 

Animal Physiology & Preservation of HeaUJu 

BmjlB Xdncntion of the Feelings, crown Sro. 2s, U. 

— Fhysi .logy and the Laws of Health, fcp.8To U. 

~~ Science of Man, crown 8to ts, 

Bodctoals Food and Home Oookeiy, crown 8to. Ss,td, 

— Health in the House, crown Sto. •.. 2s, 

— Our DweUings: Healthy and Unliealtlv, crown Sro. Zs,9d, 

*Oarfield*s Laws of Health, fcp. 8T0. « ls.6d. 

House I Ure In ; Stmcture and Functions of the Human Body, 18mo. 2s, M, 

]Capother*s Animal Physiology, 18mo Is, 

WUsonPlilCaaaal of Health Bdenoe^ crown 8^0. S«.6d. 

Oetteral Knowledge & Chronology, 

Slater's AnilmUMCftrMMlcytes; the Original Work, 13mo. :.;'..~ U6d. 

— — — improTed by Hiss Sewell, Umo. .....•• 8s. 6d. 

Stepping-stone (The) to Sno^edge, 18mo Is, 

'Saoond Series of the Stepping-Stone to General Knowledge, 18mo. Is. 

fitane'k Questions on Generalities, Two Series, each Ss. Keys each ii. 

Mythology & Antiquities, 

Hart*» New Pantheon, 18ma with 17 Plates 2s,9d, 

. .BIoh*s ninstrated Dictionary of Roman and Greek Antiquities, post 8to. .... ls,td, 
Witt's Myths of Hellas, translated by Toonghusband, crown 8Ta Is. 6d. 

— TheTrojanWar dOb da crown 8to. Ss. 

— The Wanderings of XTlysses do. crownSvo, ..• 8«.64f. 

Bvog^ra-phy, 

-Oleig's Uf e of the Duke of Wellington, crown 8to Is. 

llseanlay's OliTe, annotated by H. a Bowen, MJL fop. 8to. Si. Id. 

— Warren Hastings, annotated by S. Hales, fcp. 8to. Is.M. 

Mawndei^s Biographical Treasury, re-written by W. L. B. Gates, fcp. 8to. ... Is. 

-'Stepping-stone (The) to Biography, llmo. Is. 

Snglish History Beading Books, 

: standard IL Old Stories from British History, by F. York Powell, MJl, with 

llWoodcuts Id. 

IIL Alfred the Great and William the Oonqneror, by F. York Powell, MJL« 

with! Woodcuto * 8d, 



First Series. 
Without Annotations or other Aids : 
IT. Outlines of Xnglish History from 
BX. M to AJ). 1101, by S. B. Gardi- 
ner, with 47 Woodcuts and Maps, Is. 
T. Outlines of English History, Second 
Period, from 1108-1880, by & B. 
Gardiner, with 40 Woodcuts and 
Maps,ls.M. 
IfL Historical Biographies, by 8. B. 
Gardiner, with 40 Portraifta and 
other lihistntiens. Is. Id. 
"VZL The Bngiish OltlaeB and the English State, by F. York Pewell, MJL 



AltematlTC Series, in larger type and 
on thicker paper, with vocabu- 
laries. Annotations, and Analyses : 

IT. Illustrated English History, Fart L 
from B.C. W to A.O. 1481, by S. B. 
Gardiner, Is. 
Y. Illustrated Bnglish History, Part IL 
from 1485 to 1188, by 8. B. Gardi- 
ner, Is. 8d. 

TL Illustrated Bnglish History, Pari 
m. from 1I88 to 1880^ by 8. B. 
Gardiner, Is. Id. 
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Bpockt of Modem History . 

Oharoh*kBegliiBiDg of tlM Middle ▲8«%fc|)iaT0.]ai» 2i,U» 

Cox^ OniaadM, fop. Ira lUpi •• 2*,UL 

Oraightoa*k Ago of Blinbtth, fop. 8TO. Kapo , t«.6tf. 

Qalrdiwr'k Hoiia« of lADOMtar di York, fop. 8T0. lUpo ScCtf. 

Owdinnli Thirty Toan* War, 161^-1648, fop. «to. Kapa U, fd. 

— Tint Two StnarU and thoParitaaSoTolution, fop. 8TQ.lUpa.... U.td, 

— (lira.) Trench BoTolation, 178»-17M, Xapa it,9d. 

Haleli Tali of the Stnarta, f opu 8TO. Mapa it.U, 

Johnaonii Nonnana la Xiurope, fop. Sra Mapa SiuM. 

Longaumt Tredariok the Oreat and the SoToa Tean' War, fop. 8Ta llapa .. S«.6d. 

.X«dlow^ Warof AinerioanIndependenoe^£opi8To.]lapi 2s,9d, 

HoOMrthj*feBpoohofBefom,18aO-lttO U,td. 

Xonii'a Age of Anne» fop. Sra Hape •• Sf.M. 

Seebohm'a Proteatant BerolatloQ, fop. Bto. ICapi 8c. M. 

8tabba*e larly Plantageneta, fop. Sto. Mapa. ScW. 

WartmrtonliBdward the Third, lop. SrowMapi Sa. 

Epochs of English History, 

CreightoB*B Shilling HiaUvy of England, Introdaotory, fop. 8ro. U. 

Browning'B Modem England, from 18S0 to 1874 

Creighton*! England a Continental Power, 1066-1216, fop. Mapa M. 

— TndoTB and the Beformation, 1486->160S, fop. 8to. Mapa 94, 

Oardiner^ Straggle againat Abaolnte Monarohy, 1608-1668» fop. Mapa ...... UL 

Powell*! Early England to the Norman Conqneat, fop. 8to. Mapa U, 

Bowley*! BiM of the People and Growth of Parliament, lSU-li88, fop. Mapa M. 

— Settlement of the OonaUtation, 1689-1784, fop. Mapa..,.. M. 

Tanoook'a England daring the BeTolntionary Wan, 1768-18S0 8d» 

Bpooha of Engliah Hiitory, oomplete in 1 ToL fop. 8T0. • •«. 

Epochs of AnderU History, 

Beod/a Oraoohi, Marina and Solla, fop. 8T0. Mapa U,Sd, 

Oepaa*! Age of the Antoniniie, fop. 8to. Mapa X* . 6tf • 

— Early Boman Empire, fop. 8to. Mapa U,9d, 

Cosfa Athenian Empire, fop. 8To.Mapa i4,Sd, 

— Oreeka 4( Peniana, fop. 8Ta Mapa U,id, 

Oortaia'a Biae of the Maoedonian Empire, fop. 8yo. Mapr.T. Sa. €d, 

Ihne^aBometoitaOaptaietqrthaOaala,fop.8TO.Mapa.... Si.6d. 

MerlTale'k Boman TrlamTirates, fop. 8to Mapa U,6d, 

Sankey*! Spartan and Theban Sapremadea, fop. 8to. Mapa t«. 6d. 

Smith'k Bome and Oarthage* the Pnnio Wan, fop. 8vo. Mapa 2a. 8d, 

English History & Constitution* 

Amoa*a Primer of English Oonatitntlon and QoTemment, orown 8to. ....•••. 6a. 

Bartle'a Synopaia of Engliah Hiatory, f op. 8to. U,S4, 

Oantlay'a Engliah History Analyaed, fop. 8T0. Si; 

Cateohiam of English Hirtory, edited by Misa Sewell, 18mo. la. 6si. 

Bpooha of Engliah History, edited by Creighton, fop. 8to. fs. 

CNtfdiner^ Oatline of Engliah History, fopi 8Ta Woodoata and Mapa ti. id. 

OleiglB Tint Book of Hiatory— England, 18ma %t, or Two Parte, 8d. eaoh. 

— British Colonies, or Seoond Book of History, 18mo..... •••• la. 

.^ British India, or Third Book of Hiatory, 18mo. 94. 

. -i> HistorioaiQneetloiiB on the aboTe Three Histories, ISmoi 9d. 
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Iittl0wood*a Xnentiftls of English History, fopi. Itou S«. 

Zoptoali Bobool Bnglish History, erown 8Ta 7t,itU 

» ConoiM English History for CHtII Sonrioo OMidldstas, orown 8to. . . I«. <d. 

» SnmlnAtlon-PiiperB In History, orown 8Ta ]«. 

Ibonby^ History of England, Student's Edition, S Tolt. orown Sro. .1S«. 

Iforlili OlMs-Book History of England, fop. 8vo. 9i,M, 

■ <— Senior Standard History fieadem, L and U. Is. M. eaoh ; IIL Is. M. 

Bionisli OntUne of the English Oonstitntion, fop. Bto. Ss.M» 

8tqi|ring<8toB« to English History, 18mo. * Is. 

Hutary^ Ancient A Modem. 

Brawnslli History of Orasoo, for Beginners, ISmo. 9tL 

^ History ef Bome, for Beginners, ISmo. M. 

Oort General History of Greece, orown 8to. •• 7<.8ci. 

— Lires of Greek Statesmen, fop. 8Ta .....•• SS.6A. 

GleiglB History of Fnnoe, ISmo. Is. 

MangnaU's Historioal and If Isoellaneoas Qnestions, ISmo. S«.8ib 

Maonder^ HistOTioal Treasory, with Index, fop. 8^0. 6s. 

ICerlmlerB General History of Borne, crown 8ifo. Haps ,^,» 7«.8d. 

TnUar^ Sehod History of Borne, abridged from Kerivale, fop. ICape 8s.6<l. 

fieweirti Andent History of Egypt, Assyria, and Babylonia, fop. 8to. 6«. 

^ Oateohism of Gieolan History, ISmo. ls.6<I» 

— Childls Pint History of Borne, fop. 8yo. U.9dm 

— First History of Greece, fop. 8to 8s.64» 

<— Fopolar History of France, orown 8to. 7«.6d; 

8topping49tone to Grecian History, 18mo. ^ Is. 

Stepping-stone to Boman History, 18mo. Is. 

Tii^loi!^ Btadentls Xannal of Ancient History, orown 8Ta 7s. 9d. 

-* Stndentis ICannal of Modem History, orown 8to. 7t.9di 

-« 8tadent*fe ICanoal of the History of India, orown 8to. 7s.8(l. 

Scripture History ^ Moral & Beligioue Works. 

Ayn^ Treasory of Bible Knowledge, fop. 8toi> 8s. 

Booltbee's Ooounentary on the Thirty-oine Artldea, crown 8to. 6s. 

Bny^ (IfxB.) Elements of Morality, fopL 8to. 8s.6<b 

Brownels Bqweition of the Thirty-Nine Articles, 8to. * 16s. 

Eiamlnatlon Qnestions on the above, by Gorle, fop. 8to U,M. 

Oonder's Handbook to the Bible, poet 8to. Maps, Ac 7s. 6d. 

Oonybeare and Howaonls Life and Epistles of Sl^ Fanl, 1 toI. orown 8to. «... 7s. 64. 
Gielg^ Saored History, or Foorth Book of History, 18mo. 8s. or f Parte, eaoh M. 

VoRis'k Oateohist*! Manoal, 18nio. USd. 

Botts*b FlaleylB Brldenoeo and Horn Panlina, 8to. ...10s. 64. 

Blddtans Mannal of Scriptnre History, fcp. 8to. 4s. OnUines of ditto Ss. 6<l. 

Bflgertls Sohool and 01dldren*e Bible, crown 8T0. Ss. 

Sewell^ Preparation for the Holy Oommnnion, tSmo. • 8s. 

fltepping'Stciie to BiUe Knowledge^ 18nio. Is. 

Wbrtely'fc latrednctoiy Lessons on OhristJan Evidences, 18mo.. 6dl» 

AndMli Analysis of ditto, 64. Joly*s Questions on ditto, M. 

Menial & Moral Philosophy. 

Abbotts Etomenti ef Logie, ts. 6d. sewed, or Sf. dolh« 

i*b Essays with Annotations by ArohMshcp Whntely, 8vo. .i 10s. 6A. 

— nnnotated by Hnnter, crown 8vo. »•••••• •••. 8s. 6A 

•" Minotated 1^ AbboH» 8 vola, f^ 8vo. 6s. , 
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Baln'k Blwloiic Md iBgllah OompcMltioii, erawB tro. u. 

— ' Kntal and Monl 8diii08» crown •?«...*. 10it.6d, 

XlUiok^ Stadtat'k EMidbook €< Minii ^yrtsm ol Loglo, orown Sto. U. <tf. 

ICordl*! Handbook of Loglo, for Sohoolf and T«MlMn,fq^8T0...«. • •• St. 

atebbing'tAniayiitof KiU*! Loglo, ISmo. >«.<& 

SaMy^ Piyqhology, with ittortnoo to tbt Thoory U gdneation, tro^ 13^64. 

fiwlnburnoli Piotoro ItoglOf orawn 8to«»«« ••»•••••••••••••••••••••• Af* 

ThoBMonli OntUnooC tho Nooanoiy Lawi of Thongfad, pott 8to • •«. 

Wtetaly** Stemontf o< Lofio^ oroim Sra ••••• 4s.9d, 

of Bhotorio, erown 8to. 4«.f4« 

f0p.8To. •...•• •• U. W. 



PrMictjpIflf c/ ZWie&Mi^, ^6. 



Owwley'k Handbook of Cknnpotltivo Bzamlnatloni orown 8to. • S«. 6d* 

<OQl'a Text-Book of Rdooatton, Method and Sohool Management, fo|>. Sto. .. If. 

— Syitenaol Bdncatlon, fop. Sro. • ....•••. Sf.M. 

— Aiici Heliglotti Imfeniotton, fop. Sro. • fc 

— Art of Teaobing to Obearre and Think, fopilTO. ••••••. !<• 

— Looke*e Fiineiplee of ndnoatlon, fop. Sm .••.. U. 

Sewitt*! Simple O^eot Leeeom for Infimte, fop. 8to. Fizit and Second 

Series..: eaob Sd. 

Jobnston'e (&>0iTil8en1oe Guide, orownSro.... I«.6tf. 

lAke'i Book of Oral Object Leeiona on Common Things, 18mo U.M. 

Potti*i Aoooant of Oembridge Sdholanhipe and XzhiUtions, CKown 9ro» . ... At. 

'BoUnion'i Manual of Method and Organieation, fop. 9ro l«.6d. 

fieweU*B Principles of Bdncation,S Tola. fcp.8T0. ^«4i. 

'SnUiTan'ii Pttpen on M d n cation and Schod-Xeeping, ISmo Ss. 

WhM$ Chammofr^School Greek TeaoU. 

JBbop (PMfles)*Pd«phattts(M7tiia), Zenophon, Book L wlthont Yo- 



tSmo. Price U. 

Homer, Iliad, Book 1 1«. 

— Odvssey, Book 1 1«. 

iEAoian, Seleot Dialognes U. 

Zenophon, Anabasis, Books L m. 

lY. y. * y I. U. Od. each ; Book IL 



cabulAry 
St. Matthew's and St. LukflTi 

QospehL Si. 6d. each. 
St. Mark^ and St. John'k Gca- 

pels, 1«. 6d. each. 
The Act« of the A-SMMtlce St. 6d. 



U ; Book yiL St. i St Paul's Bpistle to the Bomans U 6d. 

^nie Poor Gcepela in Greek, with GreekJEngUsh Lexicon. Bdited by John T. WUta, 

DJ>. Oaon. Sqnaie SSmo. price At. 

WkM$ Orammar^Sehool Latin Texts. 

CbBsar, Gallic War, Books LdtlL | Kepos, Miltiados, Simon, Paosa- 



y. ft y L Is, each. Book L wlth- 
ont yocalmlary, 9d. 

>GBsar Gallic War, Books m. * 
iy.9d.each. 

CsBsar, Gallic War, fiookyn.... U,td, 

■Cicero, Osto Major (Old Age) .... It. M. 

Cicero, LnUus (Friendship) .... lt.6d. 

•■ntropitis, Boman History, 
Books L di IL U. Books IIL * 

ly.u 

Eotaoe^ Odes, Books I. IX.*iy.U.eaeh. 

ficiaoe, Odes, Book m. lt.6d. 

ffw iMMt, Bpodse d( Carmen Seoolaie \t» 



nias,Aristides M. 

Orid, Beleotious fkmn Bplstles 

andPasti U, 

OTid, Select Myths from Metamor- 

phoaes 94. 

PluBdms, Seleot Basy Pables.. .. M. 
Ph«dms. Fables, Books L ft n. • It. 
Salliut, Bdlum Catilinarinm. . . . It. 6d. 

yirgll, Georgios. Book ly It. 

yirgll, iBneid, Books I. to YI. .U. eaoh. 

Book L wlthont Yocabalary . . 94, 
Yirgil, JBneid, Books YII. YJIL 

Z.XLZII. UM.aa. 



Longniftiis 

Ilv7, Booki XXn. and ZZm. Ths lAttn Texl wttb BngUih Sxplaiuiftoiy and 
QrtmmMml V&bm, uA a Yooalmlarly of Proper VunM. Bdltod Iqr J«lui T« 
White, DJK OaoB. Ubm. priet to M« MOh Book. 

Bloomfald^ OoDeg* and fiohool Gnek TtftamonMoik 8to. fit. 

BoUand * Lang*! FOUtios of Aristotle, poft gro 7«.M, 

OoUis*^ Ohiet TeoMs of the Oraek Imgnlar Verbi, Sro. U, 

— Pontes Oraol, Stoppbig-Stone to Greek Orammar, Uno 8«.6tf* 

— Piaxie Gneoa, Btymotogy, Umo. 8«.6d. 

— Greek VerM-Book, PraxJe lambiea, ISiiM. U,$d, 

Varrai^ Brief Greek Syntax and AoddeneOi ISino. 44»9d* 

— Greek GranunarBolee for Harrow Sehool, ISmo. \s,9d» 

Hefwttt^ Greek BxamlnaUon-Papen, ISmo U.6d, 

lebiatai^B Zenophonli Anabaaie, Books L to m. with Notee, ISmo. U. «<l. 

Jerram*e Graeo6 Reddenda, erown 8to. U.6d« 

Xennedy^ Greek Grammar, ISmo. «...••.•• 4*,9d, 

Llddellft8eott'eBngiiBh«GreekLezioon,4towS6«. Square ISmo 7f.6d; 

Lin«ood*k Sopboolee, Greek Text, Latin Kotos, 4th Xdition, Sro, lU, 

JUtmttfg Classical Greek Literature, or. 8to. Poets, 7«. 94, Prose Writers 7«. 6d» 

Xorrisli Greek Leeeons, square ISmo. Part L Si. 6d. Put IL U. 

PsRT^ Blementaiy Greek Grammar, ISmo • U.M» 

FlAto*! Bepablle, Book L Greek Teict, Xnglish Notes by Herd/f erown 8to.. • 9s, 

8hep|Mrd and BTans'k Notes on Tbncydldes, erown 8to. 7«.6d» 

Thaoydldca, Book IV. with Notes by Barton and OhaTaan, crown 8Te. ....As. 

▼alpyV Grsek Deleotos, ImproTod by White, ISmo. S«. td. "Kbj S«.6A. 

Whi te*li Zenophon*s Xxpeditlon of Gyros, with BnglJsh Notes, ISmo.. ....... 7s. 64. 

WIIkina% Mannal of Grsek Prose Composition, orown 8to 5s, Key 6«. 

— Bxeroises in Greek Proee Compositioii, orown Sro. .. ..4s. 6d. Key S«. M.. 
•- New GrsdE Delectus, crown 6to 8s.M. KejS«.<d. 

— Progressive Grsek Delectus, ISmOk 4s. XeyS«.6d» 

— PmgresslTe Greek Anthology» ISma U, 

— Seriptoree Attid, Bxcerpte with Bnglish Notes, orown 8to... .. .. •. 7s. 6d» 

— Speeches from Tbn^didss translated, post 8^0^ 9s, 

ToBffs^ BngUdk-Grsek Lexicon 4t0wSlJ. Square ISmo. 8s. fd,. 

The Latin Language. 

Bnidlc9> Latin Proee Bxereisea, ISmo. Si.8d. Xej 8s. 

— Continuone Leesons in Lathi Prose, ISmo. As. SeyAs.6d» 

— Cornelius Nepos, improved bj White, ISmo. S«.8d. 

— Orid'e Metamorphoses, improved by White, ISmo. is,9d» 

^ Setod Fables of Phiedrns,impcoTed by White, ISmo. Ss.ed. 

— Butroplus, imptoTcd bj White, ISmo. Ss.8d. 

CM]ii^s0blsfTeoeMofLatfnIrrBgnhHryerbe,8T0. U 

— Pontes Lattnl,Stepptng-8toae to Latin Grammar, ISmo. 8s.6d.. 

H<witt*i Lstin BTaminaMon-Papers, ISmo. U.6d.. 

UUsta^ Cmst, Books L-yn. ISmo. 4s. er with Beading Lessone 4f.6d. 

— OBsai^ Commentaries, Books L-T* ISmo. 8s.8d. 

— Pin* Book of CMar^GaUie War, ISmo. <;..• U.8d^ 

Jefleotl * ToBssirs HelpB f^r Latin Sladanti, fop. 8VO. Ss. 

8v«w i ls.6d^ 
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ginayli Ohfld'ii LMn Primar, or Ftrtt L>tto Lmwm, Itno. S«. 

— ObUd** Latin Aooid«Bot^ ISmo. U, 

«- BleBMntainr LftUa Onmmar, IShm. ICtM^ 

— XlMsenUfy lAtin Bending Book, or Tiraointam I<»ttnmn, ISmo.. . !«. 

— Latin FroM, PalMtm 8tm Latlnl, ISma U, 

— > BaMdlft Prlmarin, XxnroiM Books to iho Pabllo School Latin 

FrfaoMr. L AooidttiooMid Simplo Coiistniotion,S«L U, IL SyntoK t«. SdL. 

— Xay to tlM BxoroifM in Sabddia PrlmnriiH ftrto I. 4 II. prloo fc 

— Bnlwidin PrlmnHn, ni. the Xiftttn Oompoond Santanoe, Umo. ..•• 1«.^ 

— Oanrioolnm Sftfli LatinI, ISmo. 4«.6d. Kaj7<.edL. 

— Fatoatva Latlna, or Saoond lAtln Raading-Book» ISmo. t«. 

Xann7*iVlis1I*tAMUi, Books Ln. III. *y.l8mo. aaohBookU 

SfiUlngton** Latin Proaa Composition, orown 9TO. Si. ML 

— SaleotioaB from Latin Fnsa, erown 8to. S«.M», 

ICoody^ Bton Latin Orammar, ISmo. S«. M. The Aoeldanea separately .... Is. 

Xorrls*a BlemsnU Latina, lop. 8to. Is. 64. Kqr fs.M^ 

Vunj** Orlgines Bomanss, from Ll^, with Bnglish Notes, orown 8to. 4s. 

Vbe PnbUo Sdhool Latin Primer, I3mew Ss.6d. 

— — — — Grammar, by Bar. Dr. Kennedy, post 8T0. 7s. M*. 

Prandergasfs Mastery Series, Manual of Latin, ISmo 3s. td; 

Bapier'S Introdnotlon to Composition of Latin Verse, ISmo. . . . .Ss. M. Ksj tt. M*. 
Bkldle*s Toong Bobolai^ Lat.-llng. dt Kng.-Lat. Dlctlenary, aqnara ISmo. ..lOs. M*^ 

^^ f The Ladn-Bngiish Diotibnary, ds. 

separately \ ^^^^ Bnglish-Latin Dictionary, fis. 

Sheppard and Tamer^ Aids to Classieal 8tndy,13mo. U, Xsj 6s. 

▼alpy's Latin Delectus, improred by White, ISmo Ss. 6d. Key 8s. 6dL 

Tirgil*s iBneid, translated into English Verse by Oonington, erown 8to. ..... 9t. 

— Works, edited by Kennedy, crown 8to 10s. 6d«. 

— — translated into Bnglish Prose by Conington, erown 8to Ss. 

Walfoid** ProgressiTs Bzerdses in Latin Elegiao Verse, ISmo. . .Ss. 6d. Kay is. 

White and Bkldle*s Dirge Latln-Bnglish Dictionary, 1 toI. 4to tls. 

White's Concise Latin-Knglish Dictionary for UniTersfty Students, loyal 8iro.lSs, 
White'e Jaalor Students' Kng.-Lat. & Lat.-Eng. DicUouary, square Umo..«. is. 

^^ I The Latin-Bnglish Diotlonary, price Zt, 

B*!*'*'*^ t The Bnglish>LatIn Dictkmaiy, price ts. 

Wmdni^ PrognssiTe Latin Delectus, 13mo • St. 

— Bsey Latin Prose Bxerdses, orown 8to. Ss.6<l. KeySs.6d.. 

— Manual of Latin Prose Composition, crown %y9,jj^,,»it, 6d. Key U. Md- 
*- lAtin Proee Bxerciees, orown Sro. .••••4Si6d. Key As. 

— Bules of Latin ByntaaE, 8to. Ss. 

— Kotes for Latin Ljrics (in use in Harrow, Ac) ISmo. •• 4s. 6d» 

— Latin Anthology, for the Junior Classes, ISmow •••...«• Ss. 6d^ 

TengiPs Latin Orados,poat8TOi. 9s. cr with Appendix • ISs. 
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The French Language. 



AlUtte*! How to Speak Fnncb,fopi8To. fs. 

— Instantaneous French Bxerdses, fcp. Ss. Kkt, Ss. 

OmbsI's Virench Qenders, crown 8TO. Is. 

Oassal A Karoher'S Oraiiuatcd French TTanalation Book, Pabt L ls.6d. PabtIL is. 

Key to Part I. by Professor Cassal, price is. 

Oontanaeaa's Pmctical French and English Dloticoary, post 8to. • • 8s.6d» 

» Pooket Fnnoh and BagUsh XMottoDMy, sqnars ISmOi ••••• ls.6d» 



!L6 Sohool-Books published by Xestrg. LongxnaiM & Co.. 

;*• FremMrat LeotoTM, ISmo. S«.M. 

Pint Step Ib Frenoli, ISnia •.•.S«.M. Kqr t«. 

Jvamoh Aoddfence, ISnio. S«*M. 

— Ominmar, ISmo. 4«. Xigf it, 

ConUiMMali Middls-Olan F^wieh Ooqne, f qx Sro. 



▲eeld«aoe,M. 

Syntax, M. 

Itaoh CooTerafttion-Book, M. 

Fink Franoh BKeroi8e-Book» B4< 

Saeood French BzerolM-Book, Bd, 



Frenoh Tnntlation-Boolc, M. 
Baiy Fronch Deleotos, 84. 
Fint Frenoh Bender, M. 
Second Frenoh Header, Bd, 
Frmoh nnd BngUeh Dialogoee* M. 



<hiBt«BaeMi^ Ontde to Frenoh Translatlcm, 13mo 9t,9d, S»f Zt,Bdm 

— ProeateartotPoAieeFranfals,lSnio 6t, 

— Prteia dc In litt^mtore Fmnfftiee, 13mo. —•.... 8«.6d. 

— AbvM de THutotre do France, Umo. tt,9d» 

VinrMTa Ghonuie et Bleoe, with Notci by 0. SmiIcbj, H.A. iep, 8to. St. Cd. 

1^ Senloncee for TtftnaUtlon into French, erown 8to. U. X^8«.6d. 

Fkvnoh Onmnutf, fo|k Sto. 8«.8d« 

— French Frononeintion and Aoddeuoe, fQ|». 8«.M )_. . . ^ 

— SyntMC of the Frenoh anmauur, fop. I«.6d J^ iey, price »«. Od. 

— > I« Tradnotenr, f op. 8TO. Bi,9d, 

«- Storiee fmn Frenoh Writen, fop. 8to. Si. 

» Aper^ de U Lttttokturo Fnn^abo, fopb 8toi. S«.6d. 

^ Exeroieei in French Oompoattlon, fop. 8T0ii 8j;6d. 

— Frenoh Synonymce, fop. 8to. tf.6d. 

— SynopsiB of Frenoh Grammar, fop. 8to. 2<.6d. 

ftendergaat^ Maatory Series, Frenoh, ISmo. S«.6d. 

8oaTestra*8 Philooophe sous lea Toiti, by Sti^enard, aquare 18mo. 1«. 6d. 

Stopping-Stone to French Fronnnoiation, ISmo. It, 

'Btiimardii Lectnrea Fnn^aiaea from Modem Anthora, ISmo. .w. .. .. it, 6d, 

— Rnlaa and Ezeroiaea on the Frenoh Language, ISmo. 8«.6d. 

^nanrerli Sfeon Franoh Grammar, ISmo. tt,9d» 

Oerman^ Spcmish^ Hebrew^ SanskrU. 

Blaofcley*a Practical German and BngUsh I>iotionary» poat 8to S«. 64. 

Boehheim's German Poetry, f<Mr Repetition, 18mo U.6d. 

Colliafk Oud of German Irregular Terba, 8to 3«, 

f1aeher>Flaohart*a Blementaiy German Grammar, fop.8To.. 3«. 64. 

Jast*a German Grammar, 13mo. 1«.64. 

— German Beading Book, 12mo. •....•••• Si.84. 

Kaliaoh'B Hebrew Grammar, 8to Part I. lit, 64. Key Bt. Fart ILIU, 64. 

XiOngman*B Fooket German nnd Bngliah Dictionary, aqoare 18mo. S«. 64. 

mUer^ (UtLX) Sanskrit Grammar for Beginnera, royal 8to • 74. 64. 

Xaftera Blomontary German Oooiae for Fnblio Schoola, fop^ 8iraw 

Gennaa Accidence, 84. German Proas Oompoaition Book, 84. « 
German Syntax, 84. First German Reader^ 84. 
Pint German Bxerciae^Book, 84, Second Gorman Reader, 84. 
Second German Bxeroiae-Book, 84. 
mndergaBt*a Handbook to the lIarteiySerieo,llmo. 8«.64. 

— IfaaterySeriaB) German, ISma S«.64. 

— — — Rpaniah, ISmo. S«.64« 

' — — — > Hebrew, crown 8T0t. 8«.64. 

Qolck^ Bsientiala of German, crown 8to • • la. 64. 

8elas*k School Bditlon of Ck)ethe*s Faust, crown Srd. •• Bt, 

— Outline of Gennaa Literatnrs, crown 8T0. •.'.••.... 41. 64. 

Wirth% Gorman Oh«t-Ohat, crown 8T0. Ss.64. 
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1 APFBOVED FKENOH SCHOOL BOOKS. 

' Sy Pbovmmb OONTANSEAU. 
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"WE W PRACnOAL DICTIONARY of the FRENCH and ENOLISH 
i^ LAirOUAOXS. By LfoH OoxTAiniiAV. many yent rrwach %SMBdnm tat 
MiUtary and OlTil AppototmanU. Jto. TIm JUtett Sditton. earefi^ ravlMd uid. 
oomotad ••.•.Poai8vo.pKloaS0.6d. 

A POCKET DICTIONARY of the FRENCH and ENCMJSH LAN- 
OUAGBB t baiBff a earefol Abrldcmant of Uia, Antbor'a Israel 
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WnffUikJHetlauarr, v raaarr i ngiJl tha BBOat vaaftol featuraa of 
oondanaad into a mnok aaallar Voluma. lAftaat Edition, oarafolly 
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ELEMOTIRT GOUBSE OF MOOERI FREMCR, ADilPTED FOR MIODLE-CL 
L Bmaujul or ELEMENTARY FRENCH G: 

Pam L Pktnbh Aoddanoa, piieaSd. I Paht II. Franoh 8yn 

XL FOUB FRBNOH BZEBOXSB BOOKS adapted to the lam 
▼idad with a yocabalaK7^- 
L T^enoh OonYenation-Book, prioa Bd, I S. Baoond Trenoh Bzerci 
t. VlntPraBohSzereiaa-Book,pdoe8d. 1 4. Franoh Tjraiia]ation-B< 

/^ tramtiaiinf JStigUth imio J W eai , imenadmg wr^grtmMlv 

in. THBBB TBBKOH OOJNttTKUiMO BOOKS adi^ted to the 
pRrrided with a Toeabnlaiy ;— 

I. Xuj7ienohl>al60tn«|,moe8d. | I. PIztt Frenoh Bead 
S. Second Flenoh Beader, prioe Branrraioa. 

y. FBBRCH and BKOLUH DIALOOUB8. prioe 8d. 

npHE FIRST STEP in FRENCH: an Eairr Method o| 
A Elemanta of the Langnacai 1. Yocabnlazy of wordi intandc 
Pronimoiationi t. A Few Simpla Bnlea of Orammar ; S. Baay F 
and EnffUsh, with Oonvenationt on Ordinary Topics t 4. Bali 
Entertuniny Piaoaa in Franoh, for Beading and Tranibitlon. L 
fnUy roTlsad and ooneotad • • limo. pri^ 

pREMlllRES LECTURES: aSeleetionoflnstruetiTea^ * | 

■^ Storiaa from the beat Freneh Anthora who have written foA 
Bnffliah Notaa, foDowad by a few Eaay Poetioal Pieoea aaltable toi V 
ICamoiy. Lateat Edition 

MODERN FRENCH ORAMMAR: oomprising Vc 
▼araational LoMons, and oopioaB EzoroiMa eomposad frorA 
the Preient Day. With HinU for the English Pnpil in briaf Ql 
notea. lSmo.prioei«. Kiy,S«. Tha Aocxnaiica separately, pricf^ 
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London: LONGMANS, 6SEEN, & CO. 



GUIDE to FRENCH TRANSLATION ; being a SeU 
^ tlTa and Entertaining English Bxtraots, with Hints for theii 
Franoh ; adapted to ezhimt a Comparison between the French ant 
Latest Edition, ISmo. prioe St. 6d. Kar.beingaoloaaF^renehT^caaf 

DROSATEURS et POiTTES FRANQAIS ; or, SelectionT'from the 

A bestI^enchAnthor8,arrMgedinphronologicalOrdenfromtheAMofLoaisXIV. 
to the Present Days with Biographical Sketches, and an Introdoctlon of Easy 
Pieces. LatestEdition ISmo. prIoe 6s. 

DRl&CIS de la LITT^ATURE FRANQAISE, depnis son Origina 
^ Jnsqn'4 nos Jours. ^Compiled expressly for the use of Schools and Stodente 
preparing for the OompetitiTe and other Examinations. LatestEdition. PiioeS«.M. 

A BRlSlG^ de THISTOIRE de FBANCE, from the Earliest Timaa to 
1^ the Tear 1880. Oomplled from the Worln of .Gniiot. Siamondi, De BaranU 
Thien,lfiehelet.fte.fortheBaeof SehooIaandStadenta ••••••• Uno,prieela.M. 
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